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PREFACE 


Results  of  flight  simulation  and  analysis  of  systems  during  the  final  design 
phase  of  the  XV- 5A  Aircraft  Program  are  given  herein.  This  is  Volume  I 
which  discusses  procedures  used  in  mechanization,  checkout,  and  valida¬ 
tion  of  the  six-degree-of-freedom  flight  simulator.  Volume  II,  under 
separate  cover,  presents  the  results  of  the  simulator  studies  as  well  as 
details  of  supplementary  analyses. 

The  work  accomplished  during  this  later  design  period  and  the  coverage  of 
this  report  is  restricted  principally  to  operation  in  the  lift  fan  mode.  It 
was  necessary,  however,  to  set  up  the  simulator  to  permit  conventional 
flight  in  the  preconversion  configuration  in  order  to  study  the  conversion 
maneuver.  The  simulation  ultimately  utilized  a  large  analog  computer 
facility;  a  six-degree-of-freedom  wide  screen  visual  display;  cockpit  with 
aircraft  type  controls  and  display  instruments,  and  a  hydraulic-electrical- 
mechanical  controls  fixture  made  up  of  actual  airplane  components.  Aero¬ 
dynamic  control  surface  inertias  and  hinge  moments  for  pilot-feel  were 
also  simulated. 

The  simulation  program  was  conducted  in  phases,  as  aircraft  equipment 
became  available.  This  served  to  validate  conclusions  drawn  earlier  in 
the  program  which  had  provided  the  basis  for  hardware  acquisition.  The 
simulator  was  also  used  for  pilot  familiarization,  including  system  failure 
effects  and  development  of  measures  for  correction.  Pilot  procedural  and 
systems  optimization  studies  also  were  conducted.  Additionally,  the  simu¬ 
lator  permitted  extensive  installed  functional  testing  of  components,  demon¬ 
strating  a  high  level  of  reliability  and  providing  operational  maintenance 
experience. 

Analysis  and  simulation  results  are: 

1.  Stability  augmentation  (SA)  system  gains  were  optimized  by 

piloted  flight  simulator  evaluation  of  hovering  under  gusty  wind 
conditions.  A  Cooper  rating  of  2. 3  was  derived  for  the  aircraft 
with  the  selected  gains.  The  final  SA  system  configuration  pro¬ 
vides  pitch  and  yaw  rate  damping  without  position  reference; 
both  rate  and  position  signals  are  used  in  roll  with  the  position 


l 


reference  removed  as  a  result  of  lateral  stick  control  command. 
In  the  primary  SA  system,  individual  pitch,  roll  or  yaw  channels 
may  be  independently  selected  and  gains  are  adjustable  by  the 
pilot.  The  secondary  system  configuration  is  ground-adjustable 
over  the  same  range  as  the  primary  system. 

Stability  augmentation  was  not  required  above  40  knots  IAS. 


For  the  2,  500  feet  hot  day  conditions  simulated,  the  rapidity 
with  which  a  constant  altitude  transition  from  hovering  could  be 
accomplished  was  limited  by  power  available  and,  at  the  more 
aft  c.  g.  locations  when  using  a  nose  fan  thrust  reversal  capa¬ 
bility  of  30%,  by  longitudinal  trim  capability.  No  power  or  con¬ 
trol  limitations  appear  to  exist  in  a  landing  transition. 

An  automatic  horizontal  trim  feature  has  been  selected  for  transi¬ 
tion  which  programs  the  tail  to  the  full  20  degree  incidence  limit 
louver  vector  angles  of  40  degrees  or  less.  For  vector  angles 
greater  than  40  degrees,  tail  trim  may  be  manually  commanded 
at  2. 8  deg.  /sec. 

Conversion  between  conventional  and  fan  flight  modes  is  accom¬ 
plished  by  timed  sequencing  of  Ihe  wing  fan  door  opening  and 
horizontal  tail  incidence  change  as  a  function  of  diverter  valve 
motion.  The  introduction  at  the  proper  time  of  a  constant  hori¬ 
zontal  tail  trim  rate  of  7. 5  deg. /sec.  programmed  to  a  pre- 
established  end  point  was  shown  to  permit  smooth  conversions 
over  a  range  of  initiation  flight  velocities. 

Failure  studies  have  shown  that  uncomman^ed  tail  motion  could 
result  in  a  dangerous  flight  condition.  Asa  result,  both  aural 
and  visual  cockpit  signals  have  been  incorporated  into  the  air¬ 
craft  to  indicate  lack  of  commanded  tail  motion  or  tail  runaway. 


1.0 


INTRODUCTION 


This  report  presents  system  analysis  and  flight  simulation  results 
and  methods  covering  work  performed  during  the  final  design  phase  for 
the  U.S.  Army  XV-5A  Lift  Fan  Flight  Research  Aircraft.  The  XV-5A 
was  designed  and  built  by  the  Ryan  Aeronautical  Company  for  flight 
test  evaluation  of  the  General  Electric  X353-5  lift  fan  propulsion 
system.  It  is  a  V/STOL  aircraft  capable  of  conventional  operation  at 
high  subsonic  speeds.  Preliminary  systems  analysis  and  simulator 
studies  accomplished  during  the  earlier  phases  of  design  are  detailed 
in  Report  No.  127. 


In  general,  because  of  the  timing,  the  work  discussed  herein  involved 
somewhat  less  design  synthesis  and  more  systems  design  validation 
than  that  reported  for  the  earlier  stages  of  the  aircraft  development. 
The  effort  was  restricted  primarily  to  investigation  of  the  aircraft 
in  the  low  speed  flight  regimes  which  included  hovering,  transition, 
conversion,  and  conventional  flight  in  the  conversion  configuration. 
The  simulator  provided  the  principal  tool  for  the  investigations. 

A  comprehensive  documentation  of  the  flight  simulator  study  is  given, 
by  this  publication.  Simulator  investigations  of  high  speed 
conventional  flight  are  described  in  the  first  report.  Given  herein 
is  an  explanation  of  the  methods  by  which  the  present  simulator 
study  was  made,  as  well  as  results  of  the  study. 

The  large  amount  of  material  to  be  presented  makes  it  necessary  to 
publish  this  report  in  two  volumes.  The  construction  of  the  XV- 5A 
flight  simulator  from  initial  development  of  methods  for  incorporation 
of  the  aircraft  aero-propulsion  characteristics  into  the  analog 
computer  to  final  checkout  of  the  completed  hydraulic  and  controls 
simulator  is  giver,  in  Volume  I.  The  results  of  studies  carried  out 
on  the  simulator  are  given  in  Volume  II  under  separate  cover. 


Volume  II  also  contains  the  Appendix,  Section  6.0,  covering  work  of 
special  interest.  More  detailed  explanations  of  some  items  discussed 
in  the  main  body  of  the  report  are  presented,  along  with  results  of 
studies  of  real  or  suspected  problems  that  arose  in  the  initial 
phases  of  the  flight  test  program. 


Methods  presented  herein  will  be  useful  as  a  guide  in  future  simulation 
programs,  especially  of  lift  fan  aircraft,  and  useful  to  flight  test  person¬ 
nel  in  the  present  program. 

1. 1  GENERAL  FLIGHT  SIMULATION  OBJECTIVES 


The  objectives  of  the  flight  simulation  study  can  be  summarized  as 
follows: 

e  Determine  the  compatibility  of  the  aircraft  and  its  control 
system. 

e  Determine  the  adequaoy  of  the  stability  augmentation  system. 

•  Provide  a  check  of  the  low  speed  conventional  flight  and  fan 
powered  flight  performance  predictions  made  in  earlier  design 
phases  of  the  XV-5A  Program. 

•  Provide  future  test  pilots  of  the  XV-5A  with  preliminary  simu¬ 
lated  flights  of  the  aircraft  which  would  be  realistic  enough  to 
allow  development  of  preliminary  flight  procedures. 

•  Perform  studies  of  possible  problem  areas. 

The  simulation  program  was  performed  using  ANA  Bulletin  421  Hot  Day 
atmospheric  conditions  for  an  altitude  of  2, 500  feet.  This  selection  was 
made  because  of  the  plan  for  conducting  the  initial  flight  test  program 
at  Edwards  AFB  and  was  considered  to  be  consistent  with  the  objectives 
stated  above.  This  condition  was  also  given  by  the  U.  S.  Army  as  a 
basis  for  quotations  of  VTOL  performance  objectives. 


2.  0  CONSTRUCTION  AND  CHECKOUT  OF  THE 
XV-5A  SIMULATOR 


Volume  I  is  devoted  principally  to  a  presentation  of  the  build-up  and 
check-out  of  the  XV-5A  simulator.  Aerodynamic  and  propulsion  system 
characteristics  developed  for  the  aircraft  are  given  along  with  weights 
data.  The  manner  in  which  these  characteristics  have  been  mechanized 
for  analog  computer  solution  of  the  equations  of  motion  are  presented. 
The  hydraulics,  controls,  and  cockpit  display  portion  of  the  simulator  is 
described  in  detail.  This  is  followed  by  discussion  of  the  simulator 
checkout  procedures. 

2.1  DESCRIPTION  OF  THE  AIRCRAFT 

2.1.1  Weights  Data 

Weight  data  is  referred  to  fuselage  axes. 

Nominal  weight  is  9, 200  pounds, 
c.  g.  at  Fuselage  Station  246. 


I  moment  of  inertia  about  x-axis 

.  X 

4, 252  slug-ft 

I  moment  of  inertia  about  y-axis 

y 

15, 139  slug-ft2 

I  moment  of  inertia  about  z-axis 
z 

17,418  slug-ft2 

I  product  of  moments  of  inertia 
xz 

919  slug-ft2 

Geometry: 

S  Wing  Area 

w 

260  ft2 

S  Tail  Area 

l 

52.86  ft2 

c  Mean  Chord 

9.4  feet 

1  X  Tail  Moment  Arm 

20. 6  feet 

iL  * 

I 


Geometry: 

(Continued) 

1 

Z  Tail  Moment  Arm 

7.82  feet 

• 

| 

XNF 

Nose  Fan  Moment  Arm 

15. 6  feet 

1 

af 

Total  Main  Fan  Area 

42.6  ft2 

1 

1 

A,tri 

NF 

Nose  Fan  Area 

7.07  ft2 

1 

df 

Diameter  Main  Fans 

5.2  feet 

1 

b 

Wing  Span 

29.  83  feet 

1 

^F 

y  Fan  Moment  Arm 

5.07  feet 

I 

x„ 

x  Fan  Moment  Arm 

10  Inches 

F 

1 

6 


I 


VTOL  POSITION 


-\  .  r 


CTOL,  POSITION 


XV- 5  A 


i  .b 


2. 1. 2  Aerodynamic  Functions  Presented  for  Simulation 


The  following  Figures  1  through  33  are  aerodynamic  characteristics  de¬ 
veloped  by  the  XV- 5A  Aerodynamics  Groijp  for  the  aircraft  simulation. 
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Figure  1  Estimated  Basic  Longitudinal  Characteristics  in  Fan 
Mode  Based  on  Ames  XV-5A  Model  and  1/6  Scale  Data 
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Vector  Angle  Settings  for 
Stagger  Effectiveness  Data 

Symbol  Source 

q  Ames  VZ-11  Model 

A  Ames  Test  158 

G  1/6  Scale  Model  Data 


Figure  2  Effect  of  Exit  Louver  Stagger  on  Longitudinal  Characteristics 
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Figure  5  Incremental  Longitudinal  Force  Coefficient  Variation 
With  Angle  of  Attack  (0V  =  0°) 


Figure  6  Incremental  Normal  Force  Coefficient  Variation 
With  Angle  of  Attack  (0V  =  50°) 
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Figure  7  Incremental  Longitudinal  Force  Coefficient  Variation 
With  Angle  of  Attack  (0y  =  50°) 


Figure  8  Incremental  Normal  Force  Coefficient  Variation 
With  Angle  of  Attack  (0V  =  0°) 
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Figure  13  Basic  Airframe  Change  of  Lift  Coefficient  with  Pitch  Rate 


Figure  16  Basic  Airframe  Pitching  Moment  Coefficient  Due  to 
Rate  of  Change  of  Angle  of  Attack 


Figure  17  Change  In  Pitching  Moment  Coefficient  With  Sideslip  Angle 


Figure  19  Incremental  Normal  Force  Coefficient  Variation  with 
Angle  of  Attack  (0V  =  50°) 


Figure  20  Incremental  Longitudinal  Force  Coefficient  Variation 
With  Angle  of  Aitack  (0V  =  50°) 
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Figure  21  Incremental  Normal  Force  Coefficient  Variation  with 
Angle  of  Attack  (0V  =  0°) 
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Figure  24  Variation  of  Yawing  Moment  Coefficient  Due  to  Sideslip 
With  Thrust  Coefficient 
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Figure  25  Variation  of  Rolling  Moment  Coefficient  Due  to  Sideslip 
With  Thrust  Coefficient 


Figure  26  Low  Speed  Lateral  Directional  Characteristics  at  Large  Angles  of  Sideslip 


Low  Speed  Normal  and  Axial  Force  Coefficient 
Characteristics  at  Large  Angles  of  Sideslip 


ed  Pitching  Moment  Coefficient  Increment 
e  Angles  of  Sideslip 


Figure  30  Basic  Airframe  Roll  Damping  Coefficient 


Figure  31  Basic  Airframe  Rolling  Moment  Coefficient  Due  to 


Yaw  Rate 


2. 1.3  Tabulated  Aerodynamic  Coefficients 


C  Tail  Lift  Curve  Slope  .  053/degree 

Li 

dCT  /dde  Elevator  Effectiveness  .  023/degree 

h/ 


Tail  Zero  Lift  Drag  Coefficient  .015 


Tail  Induced  Drag  Coefficient 

Side  Force  Due  to  Rudder 
Deflection 

Side  Force  Due  to  Aileron 
Deflection 

Yawing  Moment  Due  to 
Rudder  Deflection 

Yawing  Moment  Due  to 
Aileron  Deflection 

Rolling  Moment  Due  to 
Rudder  Deflection 

Rolling  Moment  Due  to 
Aileron  Deflection 


.10 

. 00195/degree 

-. 006/degree 

-.00122/degree 

-.0001  -.00031  T  S/degree 
c 

.  00025/degree 
.00088/degree 


2. 1. 4  Fan  and  Engine  Functions  Presented  for  Simulation 

The  following  Figures  34  through  43  are  fan  and  engine  characteristics 
developed  for  simulation  of  the  aircraft. 


Figure  37  Pitch  Fan  Power  Curve 


Figure  38  Variation  of  Pitch  Fan  Power  Coefficient  Ratio  with 
Thrust  Coefficient 
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Figure  39  Pitch  Fan  Lift  Variation  Ratio  with  Thrust  Reverser 
Door  Position 


Figure  40  Pitch  Fan  Normal  and  Longitudinal  Force  Ratio 
Characteristics 
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2 . 2  GENERATION  OF  FORCES  AND  MOMENTS 


The  analog  computer  generation  of  forces  and  moments  acting  on  the 
vehicle  required  considerable  thought  and  analysis. 

In  the  low  speed  region  of  flight,  from  0  to  50  feet  per  second,  the 
vehicle  has  unlimited  freedom  of  translation.  In  the  higher  speed  region 
of  flight  from  50  feet  per  second  up  to  the  maximum  transition  and 
converted  velocities  of  the  aircraft,  the  motions  of  the  aircraft  tend  to 
be  restricted  to  the  longitudinal  axis,  with  only  small  perturbations 
laterally,  around  zero  sideslip  and  zero  roll  angle. 

The  difficulty  in  representing  the  low  speed  force  and  moment  behavior 
lies  in  the  necessary  use  of  data  presented  using  flight  speed  corre¬ 
lating  parameters . 

Since  all  the  coefficients,  both  lateral  and  longitudinal,  are  functions  of 
Tce,  velocities  along  any  axis  (which  will  cause  a  Tcs  variation)  will 
cause  force  and  moment  coefficient  changes  along  all  other  axes.  For 
example,  side  translations  couple  into  the  longitudinal  mode  through 
variations  in  Cms,  C^s  and  C^8  with  Tcs.  This  coupling  does  not  in 
reality  occur,  and  if  all  moments  and  forces  were  generated  indiscrimi¬ 
nately  as  functions  of  Tcs  in  all  flight  regimes,  "correction"  functions 
would  have  to  be  generated  to  wipe  out  these  erroneous  variations . 

These  correction  functions  themselves  would  lead  to  errors  if  there 
were  combinations  of  velocities  along  2  or  3  axes. 

With  this  problem  in  mind,  and  the  realization  that  low  speed  behavior 
is  governed  mostly  by  fan  effects,  the  lateral  and  longitudinal  low  speed 
coefficient  data  were  converted  to  force  and  moment  data  and  plotted 
versus  velocity  along  the  three  aircraft  body  axes.  The  resulting  data 
agreed  closely  with  momentum  theory  for  the  0-50  feet  per  second 
velocity  range  in  which  Tcs  coupling  is  a  problem. 

With  this  basic  information  in  mind,  the  generation  of  force  and  moment 
data  was  divided  into  two  separate  regions .  Terms  generated  in  the 
low  speed  region  are  generated  on  the  basis  of  momentum  calculations, 
with  force  and  moments  calculated  based  on  velocity  components  along 
the  three  body  axes,  while  the  data  was  "used  as  presented"  for  the 
higher  speed  flight  region  where  the  flight  path  (total  velocity)  was 
referred  to  the  body  axes.  * 

♦"Used  as  presented"  is  a  phrase  meant  to  signify  no  basic  change  has 
been  made  in  the  input  information.  See  also  Paragraph  2.2.2. 
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Transfer  from  low  speed  terms  to  high  speed  terms  is  accomplished 
with  two  phasing  functions  explained  in  the  term  explanation  port  ion  of 
this  report .  In  some  cases,  the  higher  speed  terms  are  phased  out 
without  using  these  phasing  functions,  simply  by  forcing  the  output 
of  whatever  function  generation  equipment  employed  for  generation 
of  the  term  in  question  to  go  to  zero  at  Tc  *s  at  and  above  those  corre¬ 
sponding  to  a  velocity  of  50  feet  per  second. 

Presented  in  the  following  Paragraph  2 . 2 . 1  is  a  summary  of  the  equa¬ 
tions  used  to  generate  the  total  forces  and  moments  about  each  axis  of 
the  aircraft. 

2.2.1  Simulation  Force  and  Moment  Equations 

Normal  Force  Term  No. 
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Normal  Force  (Continued) 
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Pitching  Moment 
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Pitching  Moment  (Continued) 
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Y  awing  Moment  (C  ontlnued) 
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Basic  Airframe  Normal  Force  Coefiicient  Variation 
With  Rq,  as  Set  Up  on  Diode  Function  Generator  F68 


2. 2. 2  Explanation  of  Generated  Terms 


The  following  is  an  explanation  of  the  terms  shown  in  the  previous  sec¬ 
tion,  in  terms  of  its  function  in  the  corresponding  force  or  moment 
summation,  and  its  modifications,  if  any,  from  the  corresponding  term 
presented  for  simulation  by  aerodynamics. 

The  terms  POF  #1  and  POF  #2  deserve  special  note.  These  terms  are 
explained  in  the  over-all  explanation  of  the  terms  in  which  they  first 
appear,  12N  and  13N.  Their  use  in  subsequent  terms  is  identical. 

It  should  be  further  noted  that  the  statement  "used  as  presented"  is  only 
meant  to  signify  no  basic  change  has  been  made  in  the  input  information. 
The  approximation  of  any  piece  of  data  by  a  constant  value  is  a  possibility 
covered  in  the  section  on  function  generation. 

IN:  This  term  is  the  power  off  normal  force  variation  with  angle  of 
attack.  It  is  based  on  fan  area  instead  of  wing  area  and  is  taken  directly 
from  Figure  21  of  the  presented  aerodynamic  coefficients. 

2N:  This  term  is  the  basic  lan  normal  force  coefficient  for  both  fans  at 
f$s  *  f$v  m  0.  It  is  phased  toward  1 . 0  starting  at  a  Tc8  of .  98  and  ending  at  a 
Tcs  of  .99.  It  is  held  to  1.0  for  .  99  s  T^8  «;  1.  0.  Variations  in  fan  thrust 
due  to  velocity  changes  at  higher  Tcs  values  near  hover  are  taken  care  of  by 
low  speed  ram  drag  terms  which  are  phased  in  at  this  time.  This  term 
is  developed  for  both  right  and  left  fans  by  using  the  average  value  of 
Tcs,  or  (tc^t  +  Tc^p  j  -r  2  as  the  independent  variable.  However,  the 

normal  force  is  calculated  individually  for  both  the  right  and  left  fans  by 
using  separately  calculated  values  of  q8^  and  q8^.  The  basic  infor¬ 
mation  is  taken  from  Figure  1  of  the  presented  aerodynamic  coefficients, 
modified  as  called  out  above  and  generated  as  presented  in  Figure  44. 

3N:  This  term  represents  the  changes  in  normal  force  due  to  deviations 
of  the  right  fan  exit  louvers  from  their  )3V  =  /3S  =  0  positions.  The  fir^t 
part  of  the  term  generates  changes  corresponding  to  stagger  deflections 
and  the  second  part  generates  changes  corresponding  to  vector  louver 
deflections.  Both  portions  of  the  over-all  term  are  generated  as  func¬ 
tions  of  the  Tcs  specifically  computed  for  the  right  wing  fan. 

The  term  is  retained  after  conversion  at  the  /3y  =  50°  value  in  order  to 
sum  with  CN8  to  give  zero  total  contribution  to  lift  from  the  fans  after 
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conversion. 

conversion. 


This  is  merely  an  artifice  used  to  simplify  simulation  of  the 
Both  AC™,8  and  ACjj  8  are  taken  directly  from  the  pre- 

P  B  r*  V 


santed  aero  coefficients.  Refer  to  Figures  2  and  3,  of  the  presented 
aerodynamic  coefficients. 


4N:  This  term  represents  the  variations  in  normal  force  with  angle  of 
attack  that  are  due  to  the  right  wing  fan.  This  term  is  shut  off  when  the 
fan  doors  close.  The  data  for  this  term  is  presented  in  Figures  6,  8, 
and  21  of  the  input  aerodynamic  coefficients  which  shows  CjjSvarying 
with  a,  Tc8,  and  /3V.  To  understand  the  conversion  of  the  coefficients 
presented  to  the  coefficients  of  this  term,  it  is  necessary  to  understand 
the  method  of  converting  a  standard  aerodynamic  function  to  slipstream 
notation. 


As  defined  in  the  list  of  symbols: 

2 

T  OV 
s  ooo  +  r  T 

1.  q  =  -  - 

*  A  f» 


and 


ooo 


ooo 


and 


2.  T 


T  PV„~ 

ooo  T 
- +  - 


3.  R  =  1  -  T 
q  c 


s 


T 

q  +  ooo 


=  _SL_ 
s 


P  2 
where:  q  =  -j  VT 


Now  if  there  is  a  standard,  constant  aerodynamic  function  such  as 
CNa,  we  may  write: 


qS  C 
w  N 

O' 


a 


) 
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If  we  wish  to  put  the  coefficient  into  slipstream  notation  and  base  it  on 
fan  area  we  write: 

N(“)  =  CNS  •  a  '  q8  •  AP 

Of 

Since  N^a  J  in  either  notation  must  be  the  same, 


It  is  seen  that  a  constant  conventional  aerodynamic  coefficient  slope 
transforms  into  a  family  of  slopes  when  based  upon  slipstream  notation. 

With  this  in  mind  we  may  now  operate  on  the  curves  of  Figures  6  and  8 
of  Paragraph  2. 1.  2  using  the  curve  of  Figure  21  of  Paragraph  2. 1.  2 
as  a  basis. 

Figure  21  was  ratioed  to  the  various  Tcs  values  and  then  two  new 
families  of  curves  were  determined  by  subtracting  the  ratioed  Figure  21 
values  from  Figures  6  and  8. 

The  slopes  of  0V  =  0  and  a  =  10°,  and  /3V  =  50°  and  a  =  4°  of  the 
families  thus  derived  are  plotted  in  Figure  45. 

It  is  noted  that  the  Py  =  0  slopes  are  only  plotted  down  to  Tc8  =  .  86, 
while  the  /3V  =  50  s  slopes  are  plotted  to  Tcs  =  .  54.  This  is  a  sufficient 
range  for  both,  since  a  Tcs  of  .  99  is  the  minimum  attainable  Tc  at  a 
/?v  =  0  and  at  /9V  -  50°,  the  minimum  attainable  Tcs  in  fan  powered  mode 
is  about  .  5,  which  occurs  as  the  fan  doors  close  and  all  the  fan  thrust 
terms  disappear. 
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The  functions  finally  generated  are  the  0V  =  0  slope,  and  the  difference 
between  the  0V  =  0  slope  and  the  /3  v  =  50°  slope.  The  difference  is  mul¬ 
tiplied  by  0V/5O  which  is  then  added  to  the  0V  =  0  curve.  This  proce¬ 
dure  in  effect  affords  linear  interpolations  between  the  /9V  =  0  and  the 

=  50°  data  for  CnS  variations  with  T® 
v  a  c 

The  functions  as  generated  are  given  in  Figure  46. 

5N:  This  term  corresponds  to  term  3N  and  is  identical  in  all  respects, 
except  left  wing  parameters  are  used  where  shown. 

6N:  This  term  corresponds  to  term  4N  and  is  identical  in  all  respects, 
except  left  wing  parameters  are  used  where  shown. 

7N:  This  term  represents  the  static  lift  contribution  of  the  nose  fan. 

The  fan  loading  portion  of  the  term  is  explained  in  the  section  on  fan 
parameter  generation. 

The  nose  fan  effectiveness  portion  of  this  term  is  a  function  of  thrust 
reverser  door  position  and  is  taken  from  the  power  curves  as  presented 
in  Figure  39  of  the  presented  aerodynamic  functions. 

8N:  This  term  represents  the  variation  of  normal  force  with  vertical 
velocity  of  the  nose  fan.  It  is  computed  on  the  basis  of  ram  drag  con¬ 
siderations  (nominal  nose  fan  mass  flow  is  4.  38  slugs/sec. ). 

This  term  has  no  replacement  term  at  higher  transition  speeds  and 
therefore  remains  in  the  summation  from  hover  to  conversion. 

9N:  This  term  represents  the  normal  force  due  to  pitch  rate  and  the 
rate  of  variation  of  the  angle  of  attack.  For  this  study,  both  portions  of 
the  term  were  approximated  as  constants  and  pitch  rate  was  assumed 
equal  to  rate  of  variation  of  angle  of  attack. 

The  coefficients  as  approximated  are  shown  in  Figures  13  and  15  of  the 
presented  aerodynamic  coefficients. 

ION:  This  term  represents  the  normal  force  generated  by  the  horizontal 
tail.  Its  generation  is  based  on  the  following  auxiliary  equations 
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where: 


C  =  C  +K  C 
D  D  i  l  L. 

‘  °t 


CL  <«+‘t-0+CL  ■  «e 

“t  4e 


Generation  of  the  term  from  these  equations  uses  coefficients  as  pre¬ 
sented  in  the  tabulated  data. 


Downwash  angle,  e  ,  is  generated  as  a  function  of  average  R  and  is 
valid  for  vehicle  angles  of  attack  of  20  degrees  or  less. 


The  downwash  angle  of  this  term  is  generated  as  presented  in  Figure  11 
of  the  presented  aerodynamic  coefficients. 

At  low  speeds,  near  hover,  the  angle  of  attack  of  .he  tail  can  be  ±90°. 

In  this  simulation,  the  maximum  angle  of  attack  used  in  calculation 
Cl^  is  20°,  and  this  value  can  cause  the  tail  Cl  to  overload.  This  can 

only  occur  at  very  low  velocities,  and  the  effect  of  high  Cj^  at  these 

velocities  is  negligible. 

11N:  This  term  represents  the  normal  force  due  to  thrust  developed  by 
the  gas  generator  in  conventional  flight  mode. 

Tj  is  the  thrust  of  the  gas  generator  and  is  taken  directly  from  the  power 
information  presented  in  Figure  42  of  Paragraph  2. 1.4. 


represents  the  spoiling  factor  of  the  thrust  and  was  assumed  to  be  a 


linear  function  of  thrust  spoiler  position,  as  shown  in  Figure  43  of 
Paragraph  2. 1.  4. 
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Figure  47  Plot  of  Low  Speed  Force  vs  Velocity  for  Velocity  in  the 
Vehicle  X-Y  Plane 


12N:  This  term  is  the  low  speed  normal  force  variation  due  to  u  and  v. 
This  term  was  derived  from  Figure  47  which  is  a  replot  of  Figures  10 
and  26  of  Paragraph  2. 1.  2  at  their  90°  points,  plotted  versus  velocity 
instead  of  Tc y,  at  a  fan  disc  loading  corresponding  to  9200  lbs.  total  lift. 

POF  #1  is  used  in  the  generation  of  this  term  for  the  purpose  of  phasing 
it  out  for  replacement  by  its  corresponding  high  speed  terms.  Its  use  in 
subsequent  terms  is  identical. 

POF  #1  is  shown  in  Figure  48.  It  has  a  value  of  1  from  TCS  =  1.  0  to  .  99 
and  linearily  decreases  to  zero  from  Tcs  =  .  99  to  Tc8  =  .  98.  At  Tcs 
values  below  .  98,  POF  #1  remains  at  zero. 

13N:  This  term  represents  variations  in  normal  force  with  angle  of 
attack  near  hover.  It  was  derived  from  Figure  10  of  the  presented 
aerodynamic  coefficients. 

Since  a  near  hover  can  vary  from  0  to  360° ,  the  information  as  presented 
was  replotted  versus  sin  a,  w/V-p,  as  shown  in  Figure  49. 

The  information  of  Figure  49  in  turn  is  approximated  as  shown  for  gener¬ 
ation.  Small  errors  must  be  accepted  as  a  consequence  of  this  approxi¬ 
mation  but  not  at  the  critical  points  of  ±90° . 

POF  #2  is  used  in  the  function  for  two  purposes.  Reference  to  Figure  50 
showing  POF  #2  shows  that  as  Tcs  progresses  from  Tcs,s  below  .  98  to 
Tcs  =  .  98,  POF  #2  is  zero.  For  Tcs's  from  .  98  to  .  99;  POF  #2 
progresses  from  0  to  1  linearly,  and  from  Tcs  ~  .  99  to  Tc8  =  1.  00, 

POF  #2  goes  to  zero.  The  purpose  of  POF  #2  from  Tcs  =  .  98  to 
Tcs  =.  99  is  to  phase  in  this  term;  from  Tcs  =  .  99  to  Tcs  =  1.  00,  POF 
#2  scales  the  term  as  shown  in  the  input  aero  functions  for  various 
Tcs's.  The  use  of  POF  #2  in  all  other  instances  is  identical  to  its  use 
here. 

IX:  This  term  is  the  high  speed,  power  off,  variation  of  drag  with  angle 
of  attack.  At  low  speeds  its  function  is  taken  over  by  term  10X. 

This  term  is  based  on  fan  area  rather  than  wing  area  and  is  taken 
directly  from  the  presented  aerodynamic  coefficients.  (Refer  to 
Figure  22.  ) 

2X:  This  term  represents  the  basic  fan  drag  for  both  fans  at  /3g  =  0V 
=  0.  It  is  phased  to  zero  starting  at  Tcs  =  .  98  and  ending  at  Tcs  =  .  98, 
and  replaced  near  hover  by  the  corresponding  ram  drag  term  (10X). 
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Figure  49  Curve  of  Figure  10  Plotted  vs  sin  a  ,  as  Well  as 
Approximation  Used  to  Fit  the  Data  as  Set  Up  on 
Function  Generator  F65 


4,. 


B 


This  term  is  handled  in  the  same  manner  as  Term  2N.  An  average  value 
of  Tcs  is  used  as  the  independent  variable  in  the  generation  of  C^8,  but 

the  individual  q8  values  are  used  in  generating  the  right  and  left  axial 
force  contributions  of  this  term. 


The  coefficient  of  this  term  is  taken  from  the  aerodynamic  coefficients 
as  presented.  (Refer  to  Figure  1. ) 


3X:  This  term  represents  the  variations  in  axial  force  due  to  variations 
in  the  right  fan  exit  louver  positions  from  the  positions  corresponding  to 

ft  v  ~  ft  s  — 


The  first  portion  of  the  term  accounts  for  variations  due  to  stagger 
louver  changes  and  the  second  position  corresponds  to  variations  due  to 
vector  louver  changes. 


Both  ACyS  and  ACYS  are  generated  as  functions  of  the  specific  T„f 
A0V  08 

corresponding  to  the  right  wing. 


This  term  is  not  shut  off  when  the  doors  close.  It  sums  with  C^8  at 

s 

P  =  50°  (when  the  doors  close)  to  provide  the  correct  total 
after  conversion. 


The  coefficients  of  this  term  are  taken  directly  from  Figures  2  and  3  of 
the  presented  aerodynamic  coefficients. 

4X:  This  term  represents  the  variations  in  axial  force  with  angle  of 
attack  that  are  due  to  the  right  wing  fan.  This  term  is  shut  off  when  the 
fan  doors  close. 


The  basic  data  for  this  term  is  presented  in  Fipires  5,  7  and  22  of  the 
input  aerodynamic  coefficients  which  show  varying  with  a,  T  8  and 

This  data  is  reduced  for  use  from  the  presented  form  in  the  same 
manner  as  the  data  for  term  4N. 


The  final  result  of  the  reduction  is  shown  in  Figure  51,  and  the  functions 
finally  generated  are  the  /3V  =  0  slope  and  the  difference  between  the 
ftv  =  0  and  the  /3V  =  50°  slope,  which  are  shown  in  Figure  52. 
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5X:  This  term  corresponds  to  the  right  wing  term  3X.  Its  use  and 
generation  are  identical  except  that  all  functions  of  Tcs  are  generated 
for  the  Tcs  corresponding  to  the  left  wing. 

6X:  This  term  corresponds  to  the  right  wing  term  4X.  Its  use  and  gen¬ 
eration  are  identical  except  that  all  functions  of  Tcs  are  generated  for 
Tc  corresponding  to  the  left  wing. 

7X:  This  term  represents  the  axial  force  due  to  tail  drag.  It  is  gener¬ 
ated  directly  from  the  information  presented  in  the  tabulated  aero¬ 
dynamics  in  accordance  with  the  following  equations: 


:x  ■  ( W»e)  r 

t  '  t  t  '  w 


— —  Cos  a 


LIM 


+  (cl  -  °d  Sln  £)  r 

'  t  t  '  w 


—  Sin  a 


LIM 


where: 


C  =  CT  (a  +  i  -  e )  +  c  •  6e 

Li  Li  l  L. 

t  t  <5  e 


and 


C  =  C  +  K  C 
D  D  i  L. 

tot 


Downwash  angle,  e  $  is  generated  as  a  function  of  average  R  and  is 
valid  for  angles  of  attack  of  20  degrees  of  less.  ** 

8X:  This  term  represents  the  gas  generator  thrust  contribution  to  axial 

force.  It  is  composed  of  two  parts,  Tj  (refer  to  Figure  42  of  the  fan 

and  engine  input  coefficients)  which  is  the  basic  thrust  of  the  engines  as 

a  function  of  N  ,  and  K_0  (refer  to  Figure  43  of  the  fan  and  engine  input 
g  TS 

coefficients)  the  spoiler  effectiveness,  which  is  a  function  of  spoiler 
position. 


I 

l 


•! 
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9X:  This  term  represents  the  contribution  to  axial  force  by  the  nose  fan. 

It  is  based  on  ram  drag  considerations  and  is  turned  off  after  conversion 
when  the  nose  fan  inlet  louvers  close. 


10X:  This  term  represents  the  low  speed  variation  of  axial  force  with 
axial  velocity  due  to  the  fans.  This  term  was  derived  from  the  presented 
aerodynamic  coefficients  Cxos  in  Figure  1  near  hover. 


There  is  an  error  in  the  CxQ8  curve  Presented  in  Figure  1.  Cxq8i  ns 

presented,  is  for  0V  =  /38  =  0.  However,  due  to  the  camber  of  the*exit 
louvers,  a  forward  thrust  exists  at  a  louver  tangent  line  angle  of  zero 
degrees,  which  amounts  to  about  4°  turning  of  the  fan  thrust,  which  in 
turn  results  in  a  CxQ8  at  Tcs  =  1  of  about  04.  If  the  axial  force 


resulting  from  Cx  8  near  hover  as  presented  in  Figure  1  is  plotted 
o 

versus  Tc8  using  the  offset  at  /Jy  =  0,  the  axial  force  variation  from  the 
zero  velocity  point  is  almost  exactly  equal  to  the  theoretical  value  of 
ram  drag  using  momentum  considerations. 


Figure  53  shows  the  comparison  of  the  actual  and  theoretical  values 
using  the  offset  at  /3V  =  0. 

The  two  parts  of  term  10X  then,  are  respectively,  the  thrust  due  to 
camber  at  zero  velocity,  and  the  momentum  drag. 

Multiplication  of  this  term  by  POF  #1  effects  the  replacement  of  this 
term  at  higher  velocities  by  term  2X,  which  itself  is  phased  to  zero 
near  hover  in  the  process  of  its  generation. 

1  4t  '  This  term  represents  the  variation  in  pitching  moment  with 
velocity.  It  is  phased  to  zero  near  hover  in  the  process  of  its  genera¬ 
tion,  for  replacement  at  low  speeds  by  term  10X,  explained  below.  It 
is  taken  from  Figure  1  of  the  presented  aerodynamic  coefficients. 

2  M  :  This  term  represents  the  variation  in  pitching  moment  with  angle 
of  attack.  The  term  is  phased  to  zero  near  hover  in  the  process  of  its 
generation  for  replacement  by  term  11 M  explained  below. 

Since  the  angle  of  attack  cannot  become  large  at  the  velocities  where 
this  term  is  in  effect,  the  particular  angle  of  attack  used  in  this  term  is 
limited  to  ±20°  for  purposes  of  generation  of  the  over-all  term. 
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0  versus  T08 


Figure  53  Drag  at  0 


The  coefficient  of  the  term  is  taken  from  Figure  9  of  the  presented 
aerodynamic  coefficients. 

3JH-  This  term  represents  the  variation  in  pitching  moment  due  to  varia¬ 
tions  in  the  right  fan  exit  louver  positions. 

The  first  portion  of  the  term  represents  the  variations  due  to  louver 
stagger  deflections,  and  the  second,  variations  due  to  louver  vector 
deflections. 

S  Q 

Both  Cm  and  Cm  ‘  are  generated  as  Unctions  of  the  specific  Tc 
p  s  P  v 

generated  for  the  right  wing  fan. 

g 

This  term  is  not  shut  off  when  the  doors  close.  It  sums  with  Cm  at 

111  o 

/3V  =  50°  (when  the  doors  close)  to  provide  the  correct  total  Cm  after 
conversion. 

The  term  coefficients  are  taken  from  Figures  2  and  4  of  the  presented 
aerodynamic  coefficients. 

4M,:  This  term  is  the  left  wing  term  corresponding  to  the  right  wing 
term  3  JH -  Its  use  and  generation  are  identical  except  that  all  functions 
of  Tcs  are  generated  for  the  Tcs  corresponding  to  the  left  wing. 

5M'.  This  term  represents  the  variation  in  pitching  moment  with 
sideslip.  Since  it  does  not  change  sign  with  the  sign  of  sideslip  angle, 
the  absolute  value  of  sideslip  angle  is  used  to  generate  the  term. 

The  sideslip  angle  used  is  limited  to  20  degrees  as  no  larger  sideslip 
angles  can  be  reached  at  velocity  values  large  enough  to  make  the  term 
significant. 


9Cm 

The  coefficient  is  approximated  as  a  constant  as  shown  in 

Figure  17  of  the  presented  aerodynamic  coefficients. 

6 M\  This  term  represents  the  variation  in  pitching  moment  with  varia¬ 
tions  in  tail  lift  and  drag. 

The  individual  portions  of  the  term  are  taken  as  generated  for  the  axial 
and  normal  force  summations,  multiplied  by  the  appropriate  moment 
arm,  and  summed. 


Refer  to  term  explanations  ION  and  7X  for  details. 


TM.\  This  term  represents  the  pitching  moment  due  to  pitch  rate  and 
angle  of  attack  rate  of  change. 

For  purposes  of  generation  the  coefficients  required  (presented  aero 
coefficients,  Figures  14  and  16)  have  been  approximated  as  constants. 
Further,  rate  of  change  of  angle  of  attack  is  assumed  equal  to  pitch  rate. 

8 M-.  This  term  represents  the  contributions  to  pitching  moment  of  the 
nose  fan. 

The  term  is  generated  by  multiplying  the  normal  force  of  the  nose  fan  as 
generated  for  the  normal  force  summation  by  the  appropriate  moment 
arm. 

For  details  refer  to  the  explanation  of  term  7N. 

9/IL:  This  term  represents  the  variation  in  pitching  moment  of  the  nose 
fan  with  vertical  velocity. 

It  was  developed  from  ram  drag  considerations  and  is  present  throughout 
the  transition  velocity  range.  It  is  switched  off  after  conversion  when 
the  doors  close. 

1 OM:  This  term  represents  the  variation  with  forward  velocity  of  pitch¬ 
ing  moment  near  hover. 

Plotting  pitching  moment  variation  with  velocity  (refer  to  Figure  54) 
shows  that  the  low  speed  pitching  moment  variation  with  velocity  can  be 
generated  as  a  linear  function  of  velocity  and  phased  out  by  POF  #1  at 
velocities  about  50  feet  per  second. 

For  details  on  POF  #1,  see  the  term  explanation  12N. 

Note  that  the  magnitude  of  the  pitching  moment  variation  with  u  is  equal 
to  the  magnitude  of  the  rolling  moment  variation  with  v.  Using  this 
fact  as  a  basis,  it  was  assumed  that  both  moment  variations  with 
velocity  were  due  to  center  of  pressure  shiits  in  the  direction  of  the  rel¬ 
ative  wind.  This  was  the  key  to  resolution  of  the  low  speed  problem, 
where  combinations  of  forward  and  side  velocities  occur. 


L.  > 


llM:  This  term  represents  the  variation  of  pitching  moment  with  angle 
of  attack  near  hover.  The  term  is  phased  in  and  out  by  POF  #2.  This 
term  is  equivalent  to  the  moment  coefficient  data  of  Figure  10.  The  data 
of  Figure  10  was  plotted  versus  sin  (a  -  50°),  and  a  correction  factor, 
the  "modified  new  function",  MNF,  was  used  to  care  of  the  hump  in  the 
curve  of  Figure  10  between  0°  and  40°  angle  of  attack.  The  resulting  fit 
is  accurate  to  within  ±  .  04  pitching  moment  coefficient  over  the  entire 
angle  of  attack  range. 
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Figure  54  Variation  of  Rolling,  Pitching  and  Yawing  Moment  vs 
Velocity  for  Velocity  in  the  Vehicle  X-Y  Plane 


1Y:  This  term  represents  the  side  force  due  to  sideslip  at  velocities  above 
50  feet  per  second.  It  is  phased  to  zero  near  hover  in  the  process  of  its 
generation  for  replacement  by  the  corresponding  low  speed  term  6Y. 

The  coefficient  C__ 8  is  used  directly  as  presented  and  is  generated  as  a 

Y/} 

function  of  average  R  . 

q 

The  sideslip  angle  used  in  the  generation  of  the  term  is  limited  to  +  20 
degrees  for  convenience  in  generation.  At  velocities  large  enough  to  make 
the  term  significant,  sideslip  angles  larger  than  20  degrees  are  not  attain¬ 
able. 


2Y:  This  term 
The  coefficient 
coefficients. 
3Y:  This  term 
The  coefficient 


represents  the  contribution  to  sideforce  of  the  ailerons. 


C  is  used  as  presented  in  the  tabulated  aerodynamic 
“a 


represents  the  contribution  to  side  force  of  the  rudder. 


C  is  used  as  presented  in  the  tabulated  aerodynamic 


coefficients. 

4Y:  This  term  represents  the  variation  in  side  force  due  to  yaw  rate  at 
velocities  above  50  feet  per  second. 

It  is  effectively  phased  to  zero  near  hover  by  its  diminishing  velocity 
multiplier  for  replacement  by  the  second  portion  of  term  6Y. 

The  coefficient  CYr  is  approximated  as  a  constant  for  use  in  generation. 
Refer  to  Figure  29  of  the  presented  aero  coefficients. 


5Y:  This  term  represents  the  total  low  speed  aerodynamic  and  fan  con¬ 
tribution  to  side  force.  It  consists  of  three  parts. 


Part  one  is  the  variation  with  side  velocity  of  the  side  force.  This  part 
of  term  5Y  was  derived  from  Figure  47  showing  side  force  plotted  versus 
velocity  corresponding  closely  to  momentum  theory. 

Part  two  is  the  ram  drag  computed  value  of  side  force  due  to  side  velocity 
of  the  nose  fan. 


Part  three  is  a  conventional  aerodynamic  contribution  to  side  force  based 
on  the  profile  flat  plate  area  of  the  fuselage. 

The  entire  term  is  phased  in  near  hover  by  POF  #1. 


For  detail  on  POF  #1  refer  to  the  explanation  of  term  12N. 


1 M:  This  term  represents  the  variation  in  yawing  moment  with  side 
velocity. 


The  coefficient  Cns  is  generated  as  a  function  of  average  R  and  phased 

p  4 

to  zero  in  the  process  of  its  generation  for  replacement  by  the  corre¬ 
sponding  part  of  term  9 1/  which  is  based  on  ram  drag  considerations. 


At  velocities  where  this  term  becomes  significant,  sideslip  angles 
larger  than  20  degrees  cannot  be  attained,  so  0  is  limited  to  20  degrees 
for  use  in  the  generation  of  this  term. 

2  M:  This  term  represents  the  variation  in  yawing  moment  due  to 
aileron  deflection. 


The  coefficient  of  this  term  Cn  is  used  directly  as  presented  in  the 
tabulated  aerodynamics. 

3jf:  This  term  represents  the  variation  in  yawing  moment  with  rudder 
deflection. 


The  coefficient  of  this  term  Cn^  is  presented  in  the  tabulated  aero¬ 
dynamics  as  a  constant  plus  a  linear  variation  with  Tcs.  This  linear 
variation  with  Tc8  is  neglected  for  use  in  generation  of  the  term. 

4  H :  This  term  represents  the  variation  in  yawing  moment  due  to  yaw 
rate. 

The  coefficient  of  this  term  Cn^  (refer  to  Figure  32  of  the  presented 

aerodynamic  coefficients)  is  approximated  as  a  constant  for  ease  of 
generation. 

5 If :  This  term  represents  the  variation  in  yawing  moment  due  to  roll 
rate. 


* 
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The  coefficient  of  this  term 


(refer  to  Figure  33  of  the  presented 


aerodynamic  coefficients)  is  approximated  as  a  straight  line  for  ease  of 
generation. 


6^/7  N :  The  difference  of  these  terms  represents  the  yawing  moment 
due  to  differences  in  the  axial  forces  developed  by  the  right  and  left  fans. 


The  axial  force  terms  developed  for  the  axial  force  summation  are  used 
as  generated. 

9  V :  This  term  represents  the  variations  in  yawing  moment  near  hover 
due  to  aerodynamic  and  fan  effects.  It  is  made  up  of  three  parts. 


Part  One:  This  part  is  the  yawing  moment  due  to  side  velocity  of  the 
nose  fan.  It  is  derived  from  ram  drag  considerations. 

Part  Two:  This  part  is  due  to  the  aerodynamic  yawing  moment  developed 
by  the  fuselage  in  sideslip.  It  is  based  on  the  flat  plate  area  of  the 
fuselage  profile  and  the  estimated  displacement  distance  of  the  profile 
center  of  pressure  from  the  eg  of  the  aircraft. 


Part  Three:  This  part  represents  the  yawing  moment  which  arises  from 
yaw  rates  of  the  main  fans.  It  is  based  on  ram  drag  considerations. 

The  term  is  phased  in  near  hover  by  POF  #1.  For  further  details  on 
POF  #1  refer  to  the  explanation  of  term  12N. 


1£:  This  term  represents  the  rolling  moment  variation  with  sideslip. 

The  coefficient  of  the  term  Cjg  8  (refer  to  Figure  25  of  the  presented 

aerodynamic  coefficients)  is  broken  into  two  parts  each  of  which  is 
generated  as  a  function  of  average  R  . 


The  first  part  is  the  variation  of  C*  8  with  at  a  constant  angle  of 

attack  of  zero,  while  the  second  is  the  variation  of  C*  8  with  angle  of 

p 

attack,  also  generated  as  a  function  of  Rq. 


At  velocities  high  enough  to  make  this  term  significant,  sideslip  angle 
cannot  exceed  20  degrees,  so  /3  in  this  term  is  limited  to  values  of  20 
degrees  or  less  for  generation  of  this  term. 


2 £:  This  term  represents  the  rolling  moment  due  to  aileron  deflection. 


The  coefficient  of  the  term 
aerodynamic  coefficients. 


is  taken  directly  from  the  tabulated 


3 2:  This  term  represents  the  rolling  moment  due  to  rudder  deflections. 

The  coefficient  of  this  term  is  taken  directly  from  the  tabulated 
aerodynamics. 

4 £ :  This  term  represents  the  rolling  moment  due  to  roll  rate. 


The  coefficient  of  the  term  Cj^  (see  Figure  30  of  the  presented  aero¬ 
dynamic  coefficients)  is  approximated  as  a  constant  for  use  in  generation. 


5£:  This  term  represents  the  rolling  moment  due  to  yaw  rate. 


The  coefficient  of  the  term  (refer  to  Figure  31  of  the  presented 

aerodynamic  coefficients),  is  approximated  as  a  constant  for  use  in 
generation. 

6£/7£:  The  difference  of  these  two  terms  represents  the  rolling  moment 
due  to  differences  in  the  normal  force  developed  by  each  fan. 


The  terms  are  used  as  generated  for  the  normal  force  summation. 

8£:  This  term  represents  the  rolling  moment  due  to  low  speed  aero¬ 
dynamic  effects  of  the  fans.  It  consists  of  two  parts. 

Part  One:  This  part  represents  the  rolling  moment  due  to  sideslip.  It 
is  generated  on  the  basis  of  ram  drag  considerations  (see  explanation  of 
term  ICtW.). 

Part  Two:  The  part  represents  the  rolling  moment  due  to  roll  rate  of  the 
main  fans.  It  is  generated  strictly  on  the  basis  of  ram  drag  considerations. 

POF  #1  is  used  to  phase  in  this  term  near  hover.  For  details  on  POF  #1, 
see  the  explanation  of  term  12N. 


2.2.4  Generation  of  Aerodynamic  and  Fan  Parameters 


Fan  Parameters 


All  forces  and  moments  developed  by  the  aircraft,  that  are  strongly 
influenced  by  the  fans,  are  non-dimensionalized  with  respect  to  Tcs 
which  is  defined  as: 


T 

c 


s 


ooo, 


/] 


s 


where 


s 

q 


+  T  .A 
000/ 


F 


and 


T  is  the  value  of  the  fan  thrust, if 
ooo 

all  suddenly  reduced  to  zero.  T000  is 
and  air  density. 


/3 and  velocity  were 
strictly  a  function  of  fan  rpm 


For  use  in  generation,  all  coefficients  that  were  non-dimensionalized 
with  respect  to  Tcs  as  presented,  are  generated  as  functions  of  Rq 
which  is  defined  as 


R  =  1  -  T 
q  c 


the  ratio  of  free-stream  to 
slipstream  q. 


The  generation  of  Rq  and  correspondingly  T Ooo/Ap  involves  the  implicit 
solution  of  the  following  equation  which  relates  T000/af  to  its  control 
parameters. 


I 


k 


where 


C 


8 


and  is  the  power  coefficient  ratio. 


Pp  -  f  (N^)  and  is  the  fan  power. 

Generation  of  R^,  q8  and  ^o/A^y  ^or  nose  *an  is  carr*ed  out  *n 

same  way  as  for  the  main  fans  except  the  corresponding  nose  fan 
parameters  are  used.  In  this  case,  TQ  is  the  thrust  that  would  be 
generated  by  the  nose  fan  at  zero  velocity. 


Signals  taken  from  various  points  within  the  closed  loops  performing  the 
implicit  solutions  for  T000/a  and  Tg/a  provide  all  the  required  fan 

and  combined  fan  and  aerodynamic  parameters. 


Explanation  of  Terms 


The  terms  required  in  the  generation  of  the  fan  equations  are  explained 
below: 

IF 

The  coefficient  of  this  term  Pp  is  the  fan  power.  It  is  a  direction  func¬ 
tion  of  gas  generator  rpm  and  an  indirect  function  of  atmospheric  con¬ 
ditions,  altitude  and  temperature  (density). 


This  curve  was  generated  as  presented  and  then  shifted  up  or  down  by  an 
increment  in  fan  power  to  represent  changes  in  estimated  gas  generator 
characteristics.  (Refer  to  Figure  34  of  the  fan  and  engine  coefficients. ) 

2F 

This  term  is  the  fan  power  coefficient  ratio  at  zero  louver  stagger.  It 
represents  changes  in  Too0/Ap  due  to  vector  angle  and  velocity. 

(Figure  35  of  the  fan  and  engine  characteristics. ) 
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3F 


This  term  is  the  change  in  fan  power  coefficient  ratio  with  stagger 
angle.  (Figure  36  of  the  fan  and  engine  coefficients. ) 

INF 

The  coefficient  of  this  term  ,  P^f*  is  nose  ^an  Power*  ft  is  a  direct 
function  of  gas  generator  rpm  and  an  indirect  function  of  atmospheric 
conditions,  altitude  and  temperature  (density). 

The  curve  was  generated  as  presented  in  Figure  37  of  the  fan  and  engine 
coefficients  and  then  shifted  by  an  increment  in  fan  power  to  represent 
changes  in  estimated  gas  generator  characteristics. 

2NF 


This  term  is  the  nose  fan  power  coefficient  ratio.  It  accounts  for  the 
changes  in  fan  thrust  due  to  forward  velocity.  (Figure  38  of  the  fan  and 
engine  characteristics. ) 

Aerodynamic  Parameters 

The  aerodynamic  parameters  required  are  total  velocity  and  the  angles  of 
sideslip  and  attack. 

Total  velocity  is  generated  by  taking  the  square  root  of  the  sum  of  the 
squares  of  the  body  axis  velocities  of  the  vehicle.  Two  separate  total 
velocities  are  generated;  one(Vx,  based  on  the  u  and  w  velocities  only, 
which  is  used  to  generate  the  angle  of  attack,  and  the  other fVrp  based  on 
u,  v,  and  w  which  is  used  for  all  other  purposes. 

Both  angle  of  attack  and  sideslip  angle  are  generated  as  sin  a  and 
sin  /?  respectively.  For  small  angles,  the  approximations  are  made 
sin  p  ae  fj  and  sin  a  e*  a,  and  all  functions  of  these  angles  which  require 
large  angles  have  been  generated  in  such  a  way  as  to  use  the  sin  of 
the  required  angle  rather  than  the  angle  itself. 
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2.3 


FUNCTION  GENERATION 


2.3.1  Generation  Methods 

Two  forms  of  function  generation  were  used  in  the  process  of  generating 
the  more  complex  functions  in  the  XV-5A  simulation.  These  are  diode 
function  generation  and  pot  padding  function  generation. 

Pot  padding  function  generation  is  done  by  modifying  the  characteristics 
of  the  servo  multiplier  pots  by  adding  or  subtracting  portions  of  the  ref¬ 
erence  voltage  to  each  of  17  taps  equally  spaced  from  top  to  bottom  of  the 
pot. 

Diode  function  generation  utilizes  biased  diodes  to  provide  variations  in 
output  slope  as  a  function  of  input  voltage.  As  available  in  the  Ryan  Ana¬ 
log  Computer  Laboratory,  ten-twenty  segment  or  twenty-ten  segment 
diode  function  generators  are  available. 


Each  form  of  function  generation  has  its  advantages.  Diode  function  gen¬ 
eration,  since  it  does  not  depend  on  any  mechanical  elements,  has  a 
mnc :,  ;  !»er  frequency  response  than  pot  padded  function  generation. 
Dioac  function  generation  has  been  used  in  the  generation  of  all  functions 
where  the  input  variable  varies  rapidly,  such  as  in  the  generation  of 
K^nf  w^ere  ®p»  a  variable  capable  of  extremely  rapid  change,  is  the 

input. 

Diode  function  generation  is  also  easier  to  change.  A  diode  function  gen¬ 
erator  can  be  set  up  in  10  minutes  or  less,  while  set-up  of  the  simplest 
function  on  a  pod-padded  function  generator  takes  from  45  minutes  to  an 
hour  for  even  the  most  well  trained  and  nimble-fingered  assistant. 

Diode  function  generation  has  the  third  advantage  that  the  starting  points 
for  each  segment  can  be  spaced  at  will,  which  allows  the  user  to  place 
the  segments  closer  together  where  more  accuracy  is  required  (the  func¬ 
tion  lb  changing  slope  rapidly)  and  use  few  slope  changes  where  the  func¬ 
tion  is  changing  slowly. 

Pot  padding  function  generation  has  two  advantages  over  DFG.  Pot  pad¬ 
ding  function  generation  is  cheaper  and  therefore  much  more  of  it  is 
available  in  the  facility,  and,  since  the  reference  for  each  cup  is  open, 
multiplication  by  one  variable  is  possible  simultaneous  with  change  in  the 
function  due  to  change  in  the  value  of  a  second  variable. 
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This  possibility  allows  a  function  of  two  variables  such  as  Cps/Cp  8  to 
be  broken  into  three  parts,  each  of  which  is  padded  on  a  separate  pot: 

1.  A  first  part  to  represent  the  constant  level  of  Cp8/Cp  8  at  any 
value  of  Rq,  which  is  referenced  to  ±100  volts. 

2.  A  second  part  to  represent  the  linear  variation  with  0V  (slope)  of 
Cp8/Cpo  at  any  value  of  Rq,  which  is  referenced  to  a  scale  factor 

times  ±/3v. 

3.  A  third  part  which  represents  the  2nd  order  variation  with  /3y2 
(curvature)  of  Cp8/Cpos  at  any  value  of  Rq,  which  is  referenced 

to  a  scale  factor  times  ±/3v2* 

The  sum  of  the  outputs  of  these  3  padded  cups  represents  the  value  of 
Cps/Cp  8  and  will  assume  the  correct  value  at  any  Pv  due  to  changes  in 
reference  level  for  the  2nd  and  third  pots ,  and  the  correct  value  for  any 
Rq  due  to  variations  in  the  input  voltagp  '  veh  moves  the  wiper  arms  to 
the  correct  positions  for  all  the  pots.  In  some  cases  functions  of  a 
single  variable  were  required,  and  where  possible  these  simple  func¬ 
tions  were  generated  using  a  polynomial  curve  fit  with  constant  coeffi¬ 
cients.  As  an  example,  function  3F  was  generated  in  this  manner  and 
was  accurately  fit  as  a  constant  multiplied  by  the  value  of  stagger  angle 
squared. 

A  detailed  explanation  of  the  use  of  padded-servo  cup  function  generation 
is  given  in  Appendix  12. 

2.3.2  Summary  of  Functions  as  Generated 


Each  of  the  more  complex  nonlinear  functions,  then,  was  generated  by 
either  one  or  the  other  of  the  methods  called  out  above. 

Shown  in  the  following  pages  are  the  functions  which  were  generated  by 
pot  padding  or  diode  function  generation . 

In  the  case  of  pod  padded  functions,  the  digital  computer  or  manual  resistor 
computation  sheets  are  also  given.  These  sheets  provide  voltage  check 
levels  at  each  of  the  17  tap  positions. 

The  functions  generated  are  given  labels  identifying  the  function  as  well 
as  the  particular  piece  of  equipment  used  which  can  be  located  by  refer¬ 
ring  to  the  circuitry  section,  paragraph  2.  6. 


I 

I 

I 

I 
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Figure  55  One  Hundred  Times  the  Linear  Coefficient  of  the 


Polynomial  Fit  to  Cj^  ,  Cx  ^  and  Plotted  vs 

625  Rq  for  the  Left  Wing  * 


Figure  56  One  Hundred  Times  the  Linear  Coefficient  of  the 

Polynomial  Fit  to  CjA  ,  Cx8  and  Cm8  Plotted  vs 

’  g  r 

625  Rq  for  the  Right  Wing  8 
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Figure  57  One  Hundred  Times  the  Second  Degree  Coefficient  of  the 
Polynomial  Fit  to  C #  Cx^  and  Cm^  Plotted 

625  Rq  for  the  Left  Wing  8  8 
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Figure  58  One  Hundred  Times  the  Second  Degree  Coefficient  of  the 
Polynomial  Fit  to  C^  ,  Cx  *  and  Cm^  Plotted  vs 

625  Rq  for  the  Right  Wing  8  8 
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JOB  NO.  1014  POT  PAODER  RESISTOR  CALCULATION  6/7/63 


EN 

RN 

E 

P 

RS 

CODE 

-0.419400E 

02 

0.24S186E 

02 

-0.10000GE 

03 

0.500000E 

00 

0. 240000E 

02 

8-16  B, 

-0.375000E 

02 

0. 108843E 

02 

0. 

0.500000E 

00 

0.1 10000E 

02 

8-16 

-0.395200E 

02 

0.398387E 

02 

0. 

O.SOOOOOE 

00 

0. 390000E 

02 

8-16 

-0.434000E 

02 

0.9S6081E 

02 

-0.100000E 

03 

O.SOOOOOE 

00 

O.IOOOOOE 

03 

8-16 

-0.461700E 

02 

0.224292E 

03 

-0.100000E 

03 

O.SOOOOOE 

00 

0.220000E 

03 

8-16 

-0.484900E 

02 

0.399096E 

02 

-0. I00000E 

03 

O.SOOOOOE 

00 

0. 390000E 

02 

8-16 

-0.463900E 

02 

0.2S2660E 

02 

-0.100000E 

03 

O.SOOOOOE 

00 

0. 240000E 

02 

8-16 

-0.444600E 

02 

0.208406E 

03 

0. 

O.SOOOOOE 

00 

0.200000E 

03 

8-16 

-0.409300E 

02 

0.144B00E 

03 

0. 

O.SOOOOOE 

00 

0* 1SOOOOE 

03 

8-16 

-0.379 JOOE 

02 

0.474126E 

03 

0. 

O.SOOOOOE 

00 

0.470000E 

03 

8-16 

-0.3S0800E 

02 

0. 160427E 

03 

0. 

O.SOOOOOE 

00 

0. 160000E 

03 

8-16 

-0.326400E 

02 

0.3S0833E 

03 

-0 . 1C0000E 

03 

O.SOOOOOE 

00 

0. 360000E 

03 

8-16 

-0.29B400E 

02 

0, 373857E 

03 

-0. 100000E 

03 

O.SOOOOOE 

00 

0. 390000E 

03 

8-16 

-0.266900E 

02 

0.392732E 

03 

-0.100000E 

03 

O.SOOOOOE 

00 

0. 390000E 

03 

8-16 

-0.231900E 

02 

0.400052E 

03 

-O.IOOOOOE 

03 

O.SOOOOOE 

00 

0. 390000E 

03 

8-16 

-0. 193300E 

02 

0.432160E 

03 

-0.100000E 

03 

O.SOOOOOE 

00 

0. 430000E 

03 

8-16 

-0.151200E 

02 

0.673397E 

01 

0. 

O.SOOOOOE 

00 

0.6B0000E 

01 

8-16 

OUTPUT 


(CimVATUHK) 


JOB  NO.  1014  POT  PADDER  RESISTOR  CALCULATION 


6/7/63 


EN 

RN 

E 

P 

RS 

CODE 

0.229800E 

01 

0. 108926E 

02 

O.IOOOOOE 

03 

O.IOOOOOE 

01 

0.1 10000E 

02 

33-40  B, 

-0. 14S200E 

02 

0.907149E 

01 

-O.IOOOOOE 

03 

O.IOOOOOE 

01 

0.910000E 

01 

33-40 

-0, 136700E 

02 

0.6V27J7E 

02 

0. 

O.SOOOOOE 

00 

0.680000E 

02 

33-40 

-0, 131900E 

02 

0 , 266B34E 

03 

-O.IOOOOOE 

03 

O.SOOOOOE 

00 

0.270000E 

03 

33-40 

-0. 12 1000E 

02 

0 . 798897E 

02 

-O.IOOOOOE 

03 

O.SOOOOOE 

00 

0.820000E 

02 

33-40 

-0.894700E 

01 

0 . 738689E 

01 

0. 

O.SOOOOOE 

00 

0. 7SOOOOE 

01 

33-40 

-O.8O6SOOE 

01 

0.399310E 

01 

0. 

O.SOOOOOE 

00 

0. 390000E 

01 

33-40 

-0, 109700E 

02 

0.21S39SE 

03 

-O.IOOOOOE 

03 

O.SOOOOOE 

00 

0. 220000E 

03 

33-40 

-0.1 3 1000E 

02 

0.975674E 

02 

-O.IOOOOOE 

03 

O.SOOOOOE 

00 

O.IOOOOOE 

03 

33-40 

-0. 13S600E 

02 

0*  900416E 

03 

-O.IOOOOOE 

03 

O.SOOOOOE 

00 

0.910000E 

03 

33-40 

-0.138400E 

02 

0. 100969E 

04 

-O.IOOOOOE 

03 

O.SOOOOOE 

00 

O.IOOOOOE 

04 

33-40 

-0,1 39600E 

02 

0.948970E 

03 

-O.IOOOOOE 

03 

O.SOOOOOE 

00 

0.91000CE 

03 

33-40 

-0.139100E 

02 

0.949S22E 

03 

-O.IOOOOOE 

03 

O.SOOOOOE 

00 

0.910000E 

03 

33-40 

-0.136900E 

02 

0. 101144E 

04 

-O.IOOOOOE 

03 

O.SOOOOOE 

00 

O.IOOOOOE 

04 

33-40 

-0.133100E 

02 

0.903020E 

03 

-O.IOOOOOE 

03 

O.SOOOOOE 

00 

0. 910000E 

03 

33-40 

-0, 127SOOE 

02 

0. 102246E 

04 

-O.IOOOOOE 

03 

O.SOOOOOE 

00 

O.IOOOOOE 

04 

33-40 

-0, 120300E 

02 

0.313281E 

02 

0. 

O.SOOOOOE 

00 

0. 300000E 

02 

o 

1 

«■> 

OUTPUT 


100  CV? 

“2 


(CURVATURE) 


JOB  NO.  1014 

POT  PADOER  l 

RESISTOR  CALCULATION 

6/7/63 

EN 

RN 

E 

P 

RS 

CODE 

0.879000E 

01 

0.9 14099E 

01 

O.IOOOOOE 

03 

O.IOOOOOE 

01 

0.910000E 

01 

50-37  B. 

-0.991900E 

01 

0.205277E 

02 

-O.IOOOOOE 

03 

O.SOOOOOE 

00 

0.200000E 

02 

SO-57  1 

-0.204000E 

02 

0.1 19870E 

02 

-O.IOOOOOE 

03 

O.IOOOOOE 

01 

0. 120000E 

02 

50-S7 

-0.184300E 

02 

0.373034E 

03 

-O.IOOOOOE 

03 

O.SOOOOOE 

00 

0.360000E 

03 

50-57 

-0. 160SOOE 

02 

0, 187388E 

03 

-O.IOOOOOE 

03 

O.SOOOOOE 

00 

0. 180000E 

03 

30-57 

-0. 128300E 

02 

0.S1183SE 

02 

0. 

O.SOOOOOE 

00 

0.S10000E 

02 

30-57 

-0. 100800E 

02 

0.462103E 

02 

0. 

O.SOOOOOE 

00 

0.470000E 

02 

50-37 

-0, 773900E 

01 

0.237879E 

02 

0. 

O.SOOOOOE 

00 

0.240000E 

02 

50-57 

-0.600800E 

01 

0.636081E 

01 

0. 

O.SOOOOOE 

00 

0.620000E 

01 

50-37 

-0.604800E 

01 

0.109416E 

04 

-O.IOOOOOE 

03 

O.SOOOOOE 

00 

0.110000E 

04 

50-37 

-0.592700E 

01 

0.1093S7E 

04 

-O.IOOOOOE 

03 

O.SOOOOOE 

00 

0.110000E 

04 

30-57 

-O.S64SOOE 

01 

0.10988SE 

04 

-O.IOOOOOE 

03 

O.SOOOOOE 

00 

O.UOOOOE 

04 

30-37 

-0.S20200E 

01 

0. 109720E 

04 

-O.IOOOOOE 

03 

O.SOOOOOE 

00 

0.110000E 

04 

30-57 

-0.459700E 

01 

0.1U106E 

04 

-O.IOOOOOE 

03 

O.SOOOOOE 

00 

o.iiooooe 

04 

50-57 

-0.383100E 

01 

0. 111307E 

04 

-O.IOOOOOE 

03 

O.SOOOOOE 

00 

o.iiooooe 

04 

S0-S7 

-0.290300E 

01 

0,1 1 3786E 

04 

-O.IOOOOOE 

03 

O.SOOOOOE 

00 

O.UOOOOE 

04 

30-37 

-0.181S00E 

01 

0.312787E 

01 

0. 

O.SOOOOOE 

00 

0, 300000E 

01 

30-37 

OUTPUT  100  Cm*  (CURVATURE) 
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Figure  59  One  Hundred  Times  the  Linear  Coefficient  of  the 

Polynomial  Fit  to  CN B»  ,  Cx  o  and  Cm«  Plotted  vb 

v  v  v 

625  Rq  for  the  Left  Wing 
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Figure  60  One  Hundred  Times  the  Linear  Coefficient  of  the 

Polynomial  Fit  to  o  ,  and  Cm8  Plotted  vs 

v 

625  Rq  for  the  Left  Wing 
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JOB  NO.  1014  1 

POT  PAOOER  i 

RESISTOR  CALCULATION 

6/6/63 

EN 

-0.126600E 

02 

RN 

0.64S041E 

01 

E 

0. 

P 

0 .SOOOOOE 

00 

RS 

0.620000E 

01 

code 

1-7  n 
1-7  1 

-0. 163400E 

02 

0, 206398E 

03 

-0.100000E 

03 

O.SOOOOOE 

00 

0.200000E 

03 

-0.192600E 

02 

0. 1428 1  BE 

03 

-0 , 100000E 

03 

O.SOOOOOE 

00 

0. ISOOOOE 

03 

1-7 

-0.211200E 

02 

0.704286E 

03 

-0.100000E 

03 

O.SOOOOOE 

00 

0.680000E 

03 

1-7 

-0.227700E 

02 

0.837133E 

02 

0. 

O.SOOOOOE 

00 

0, B20000E 

02 

1-7 

-0.249300E 

02 

0. 19S49SE 

03 

-0.100000E 

0? 

O.SOOOOOE 

00 

0. 200000E 

03 

1-7 

-0.263700E 

02 

0.19174SE 

03 

-0.10C000E 

0  3 

O.SOOOOOE 

00 

0.200000E 

03 

1-7 

-0.270900E 

02 

0.  187269E 

03 

-0.. OOOOOE 

03 

0,6)000001 

00 

0. 180000E 

03 

1-7 

-0.270800E 

02 

0.7390S4E 

02 

-0,1 OOOOOE 

03 

O.SOOOOOE 

00 

0, 760000E 

02 

1-7 

-0.2S2200E 

02 

0.157624E 

04 

0. 

O.SOOOOOE 

00 

0, 160000E 

04 

1-7 

-0.2339UOE 

02 

0. 109641E 

04 

0. 

O.SOOOOOE 

00 

0, 1 10000E 

04 

1-7 

-0.216000E 

02 

0. 1012S0E 

04 

0. 

0 .SOOOOOE 

00 

0. 100000E 

04 

1-7 

-0 . 1 98S00E 

02 

0.S4733SE 

02 

0. 

O.SOOOOOE 

00 

0.S60000E 

02 

1-7 

-0.187800E 

02 

0.4007S6E 

03 

-0.100000E 

03 

O.SOOOOOE 

00 

0.390000E 

03 

1-7 

-0.173300E 

02 

0,38761 6 E 

03 

-0,1 OOOOOE 

03 

O.SOOOOOE 

00 

0, 390000E 

03 

1-7 

-0.1S4B00E 

02 

0,4  Ob  346E 

03 

-0.100000E 

03 

0,6>  OOOOOE 

00 

0, 390000F 

03 

1-7 

-0.132400E 

02 

0.U0826E 

02 

0. 

O.SOOOOOE 

00 

0.110000E 

02 

1-7 

OUTPUT 

100  CNfl 
pvx 

(SLOPE;) 

JOB  NO,  10)4  1 

POT  PAOOER 

RESISTOR  CALCULAT ION 

6/6/63 

EN 

RN 

E 

P 

RS 

CODE 

0.975400E 

02 

0.240234E 

01 

0 , 1  OOOOOE  03 

O.SOOOOOE 

00 

0.240000E 

01 

24-32  B. 

0.9S6200E 

02 

0.S82447E 

01 

0 , 1  OOOOOE  03 

0 , SOOOOOE 

00 

O.S60000E 

01 

24-32  1 

0.922900E 

02 

0.612S63E 

01 

0 , 1  OOOOOE  03 

0 ,6>OOOOOE 

00 

U.620000E 

01 

24-32 

0.866000E 

02 

0.34S479E 

03 

0. 

0,6)OOOOOE 

00 

0, 360000E 

03 

24-32 

0.813800E 

02 

O.2O34S0E 

03 

0. 

O.SOOOOOE 

00 

0.200000E 

03 

24-32 

0.769100E 

02 

0.6 18468E 

03 

0, 100000E  03 

O.SOOOOOE 

00 

0.620000E 

03 

24-32 

0.723700E 

02 

0, 268426E 

02 

0 , 1 OOOOOE  03 

O.SOOOOOE 

00 

0.270000E 

02 

24-32 

0.659000E 

02 

0 , 3348S8E 

02 

0. 

O.SOOOOOE 

00 

0. 330000E 

02 

24-32 

0.631200E 

02 

0.167872E 

02 

0. 

O.SOOOOOE 

00 

0. 160000E 

02 

24-32 

0.673900E 

02 

0. 205 1  HOE 

02 

0 , 100000E  03 

O.SOOOOOE 

00 

0.200000E 

02 

24-3? 

0.686800E 

02 

0.1 14697E 

02 

0 , 1 OOOOOE  03 

O.SOOOOOE 

00 

0, 1 10000E 

02 

24- 

0.648S00E 

02 

0.93S337E 

02 

0. 

O.SOOOOOE 

00 

0.910000E 

02 

24  •  »- 

0.623200E 

02 

0 , 28S697E 

02 

0. 

O.SOOOOOE 

00 

0. 300000E 

02 

24-  i  2 

0.638800E 

02 

0.123136E 

0  3 

0,1 OOOOOE  03 

O.SOOOOOE 

00 

0, 120000E 

03 

24-32 

0,6489001, 

02 

0,1219 10E 

03 

0 , 100000E  03 

6. SOOOOOE 

00 

0. 120000E 

03 

24-32 

0.653600E 

02 

0.115982E 

03 

0 . 100000E  03 

O.SOOOOOE 

00 

0. 120000E 

03 

24-32 

0.6S2700E 

02 

0. 1 35979E 

04 

0. 

O.SOOOOOE 

00 

0. 130000E 

04 

24-32 

OUTPUT 

10°  Cv®  (SI 
^V1 

.OPK) 

JOB  NO.  1014  POT  PAOOER  RES 


EN 

RN 

0.323500E 

02 

0. 292267E 

02 

0.280100E 

02 

0.201995E 

02 

0.262700E 

02 

0.9792S0E 

01 

0.29S600E 

02 

0.S97624E 

02 

0.306400E 

02 

0, 392"00E 

02 

0.284 100E 

02 

0.999999E 

36 

0.261B00E 

02 

0. 100179E 

03 

0.244400E 

02 

0.15399SE 

03 

0.217800E 

02 

0.7119S4E 

02 

0, 170600E 

02 

0.23871 3E 

02 

0. 136800E 

02 

0.1 187S0E 

02 

0. 124600E 

02 

0.S8620SE 

03 

0.109600E 

02 

0. 129318E 

03 

0.816900E 

01 

0.392741E 

02 

0.S76800E 

01 

0.27S893E 

02 

0.37S900E 

01 

0. 1802S9E 

02 

0.214100E 

01 

0.248107E 

01 

OUTPUT 


STOR  CALCULATION 


E 

P 

0.100000E 

03 

O.SOOOOOE 

00 

0. 

O.SOOOOOE 

00 

0. 

O.SOOOOOE 

00 

0 , 100000E 

03 

O.SOOOOOE 

00 

0. 100000E 

03 

O.SOOOOOE 

00 

0. 

0. 

o  • 

O.SOOOOOE 

00 

0. 100000E 

03 

O.SOOOOOE 

00 

0.100000E 

03 

O.SOOOOOE 

00 

0. 

O.SOOOOOE 

00 

0. 

O.SOOOOOE 

00 

0 , 100000E 

03 

O.SOOOOOE 

00 

0.100000E 

03 

O.SOOOOOE 

00 

0. 

O.SOOOOOE 

00 

0. 

O.SOOOOOE 

00 

0. 

O.SOOOOOE 

00 

0. 

O.SOOOOOE 

00 

100  C„J  (SLOPK) 


6/7/ 

RS 

CODE 

0. 300000E 

02 

41-49 

0.200000E 

02 

41-49 

0. 100000E 

02 

41-49 

0. 620000E 

02 

41-49 

0. 390000E 

02 

41-49 

0.999999E 

36 

41-49 

0. 100000E 

03 

41-49 

0. ISOOOOE 

03 

41-49 

0.680000E 

02 

41-49 

0.240000E 

02 

41-49 

0. 120000E 

02 

41-49 

0.S60000E 

03 

41-49 

0.  130000E 

03 

41-49 

0. 390000E 

02 

41-49 

0.270000E 

02 

41-49 

0.  ISOOOOE 

02 

41-49 

0. 240000E 

01 

41-49 

»- 
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Figure  61  One  Hundred  Times  the  Linear  Coefficient  of  the 
Polynomial  Fit  to  the  Fan  Power  Coefficient  Ratio, 

And  One  Hundred  Times  the  Second  Degree  Coefficient 


Power  Coefficient  Ratio,  And  One  Hundred  Times  the  Second  Degree 
Coefficient  Of  the  Polynomial  Fit  to  Cx^  and  C^®  Plotted  vs 
625  Rq  for  the  Right  Wing  W 
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JOB  NO.  1014  POT  PAOOER  RESISTOR  CALCULATION  6/6/63 


EN 

RN 

E 

P 

RS 

code 

-0.49BS00E 

02 

0.239B76E 

02 

-0.100000E 

03 

O.SOOOOOE 

00 

0.240000E 

02 

1-7 

-0.4S9300E 

02 

0. 1S6S79E 

03 

0. 

O.SOOOOOE 

00 

0. 160000E 

03 

1-7 

-0.425600E 

02 

0.11910SE 

03 

0. 

O.SOOOOOE 

00 

0, 120000E 

03 

1-7 

-0.398600E 

02 

0.219816E 

03 

0. 

O.SOOOOOE 

00 

0.220000E 

03 

1-7 

-0.375000E 

02 

0.616775E 

03 

-0.100000E 

03 

O.SOOOOOE 

00 

0 . 620000E 

03 

1-7 

-0.349300E 

02 

0.92297SE 

02 

0. 

O.SOOOOOE 

00 

0.910000E 

02 

1-7 

-0.331100E 

02 

0.B743U4E 

02 

0. 

O.SOOOOOE 

00 

0.910000E 

02 

1-7 

-0.319BOOE 

02 

0.8S660BE 

02' 

0. 

O.SOOOOOE 

00 

0.820000E 

02 

1-7 

•0.31SSOOE 

02 

0, 306S09E 

02 

0. 

O.SOOOOOE 

00 

O.SOOOOOE 

02 

1-7 

-0.330SOOE 

02 

0.12SS31E 

04 

-0.1 OOOOOE 

03 

O.SOOOOOE 

00 

0.1 30000E 

04 

1-7 

-0.344500E 

02 

0.  10242  IE 

04 

-0.100000E 

03 

O.SOOOOOE 

00 

0. 100000E 

04 

1-7 

-0.3S7300E 

02 

0.109S51E 

04 

-0 . 1 OOOOOE 

03 

O.SOOOOOE 

00 

0, 110000E 

04 

1-7 

-0.369000E 

02 

0, 1 32935E 

03 

-0 . 100000E 

03 

O.SOOOOOE 

00 

0. 130000E 

J3 

1-7 

-0.371800E 

02 

0.1 7003  IE 

03 

0. 

O.SOOOOOE 

00 

0. 180000E 

03 

1-7 

-0.37B700E 

02 

0*1731 86E 

03 

0. 

O.SOOOOOE 

00 

0. 180000E 

03 

1-7 

-0.389700E 

02 

0.178217E 

03 

0. 

O.SOOOOOE 

00 

0. 18C000E 

03 

1-7 

-0.404800E 

02 

0, 739073E 

02 

-0.100000E 

03 

O.SOOOOOE 

00 

0. 7S0000E 

02 

1-7 

OUTPUT 


(CURVATURE) 


JOB  NO.  1016  POT  PADOER  RESISTOR  CALCULATION  6/6/63 


EN 

RN 

E 

P 

RS 

CODE 

-0.370SOOE 

02 

0.77187SE 

02 

0. 

O.SOOOOOE 

00 

0 , 7S0000E 

02 

2  4-32 

-0.379S0OE 

02 

0.596634E 

02 

-0 . 1 OOOOOE 

03 

O.SOOOOOE 

00 

0.620000E 

02 

24-32 

-0. 369000E 

02 

0.410807E 

02 

-0, 100000E 

03 

O.SOOOOOE 

00 

0.430000E 

02 

24-32 

-0.329700E 

02 

0.628392E 

04 
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Figure  65  Plot  of  104  CNTSAB  and  104  CXTSAB  vs  625  Rq  for 
Both  Left  and  Right  Wings  (Plots  Superimposed) 
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Figure  72  -10  C}j  (a)Ap  vs  -100  sin  a  ,  as  Set  Up  on  Diode  Function 
Generator  F65.  This  is  equivalent  to  Figure  49. 


Figure  75  50  (Cj>j0  -1)  vs  100  Rq,  as  Set  Up  on  Diode  Function 
Generator  F68 


2.4  EQUATIONS  OF  MOTION 


The  standard  body  axis  six  degree  of  freedom  equations  of  motion  were 
used  for  this  simulation. 

These  equations  are: 
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In  the  interests  of  conservation  of  computer  equipment,  certain  of  the 
angular  acceleration  terms  were  neglected.  The  maximum  values  of  p, 
q  and  r  were  estimated  to  be  .4,  .3,  and  1  rad/sec,  which  are  the  visual 
display  limitations.  Combining  this  data  with  the  XV-5A  inertia  data,  it 
can  be  seen  that  certain  of  the  angular  acceleration  terms  can  be  consid¬ 
ered  negligible.  These  are: 

1.  The  pq  term  in  the  r  equation. 

2.  The  Ix z/ly  term  in  the  q  equation. 

3.  The  IgZ/Iz  and  pq  terms  in  the  r  equation. 


I 


) 


123 


t 


% 


In  addition,  the  angular  momentum  of  the  rotating  fan  and  gas  generator 
parts  has  been  neglected.  Hand  analysis  (Appendix  6)  shows  that  at  a 
flight  condition  where  fm.  roll  control  was  required  steady  state  (hover 
in  a  side  wind),  the  gyroscopic  coupling  terms  applied  to  an  inertial  body 
would  result  in  a  nutation  oscillation  with  a  period  of  around  35  seconds. 
Such  a  long  period  oscillation  would  be  completely  masked  by  shorter- 
term  effects. 

The  modified  equation  of  motion  thus  become: 
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u  =  rv-qw  +  gl  + -  (7) 
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2.5  EULER/DISPLAY  RELATIONS 

As  previously  reported  in  Ryan  Report  63B024,  the  Yaw,  Roll,  Pitch  di¬ 
rection  cosines  and  Euler  angles  are  continuously  calculated  by  develop¬ 
ing  the  Euler  angular  rates  as  a  function  of  the  direction  cosines,  which 
are  themselves  functions  of  the  Euler  angles. 

The  relationships  determining  the  Euler  angular  rates  are: 


6  =  q  +  pQ(p-r<p 

(13) 

ip  =  p  +  rd 

(14) 

i  =  r-pfl 

Cos  <p 

(15) 

Over  the  ranges  of  0  and  0  used  to  drive  the  DeFlorez  display,  the  approx 
imation  Cos0  =  l,  Cos<^=l-<^/2,  Sin0=0,  Sint/*=t/>  were  used.  The  relation¬ 
ships  of  the  9  direction  cosines  are  given  in  equations  16  thru  24  in  their 
approximate  form. 
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The  ground  velocities  can  be  computed  from  the  direction  cosines  and 
body  velocity  components  as  follows: 
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=  uf  +  vm  +  wn 

(25) 
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(27) 

126 


2.6  ANALOG  CIRCUITRY  EMPLOYED 


This  section  contains  the  complete  analog  schematic  drawings  for  the 
hardware  simulation. 

To  facilitate  checkout  and  use  of  the  simulation,  circuits  were  broken  up 
according  to  function,  which  resulted  in  some  extra  trunking  between  con¬ 
soles  but  was  very  worthwhile  in  all  other  respects. 

The  figures  following  which  show  these  sectionalized  circuits  are  arranged 
in  a  sequence  which  runs  from  function  generation  to  pilot  displays  and 
control  commands. 

An  explanation  of  each  figure  is  given  below. 

Figure  81:  This  figure  shows  the  functions  generated  on  each  of  the  two 
multigluks  (16  cup  pot  padders).  The  functions  generated  are  all  transition 
region  fan  functions.  The  numbers  and  letters  given  beside  each  cup  (such 
as  n8-16Bl"  for  the  "A"  cup)  correspond  to  functions  similarly  labeled  in 
the  preceding  section. 

Cups  "H"  and  "K"  show  the  absolute  value  of  /?v  being  used  as  the  cup 

excitation.  This  was  done  to  increase  the  accuracy  of  the  second  order 

s  s  s 

curve  fits  made  toACN^  and  Cp/Cp0,  due  to  negative  vector  angles 
occurring  on  a  given  wing  when  yaw  control  is  applied  near  hover. 

Figure  82:  This  figure  shows  the  generation  of  some  of  the  aerodynamic 
coefficients  which  varied  nonlinearly  with  Rq. 

Figure  83:  This  figure  shows  the  generation  of  some  of  the  aerodynamic 
coefficients  which  varied  nonlinearly  with  Rq.  Also  shown  is  the  genera¬ 
tion  of  the  phasing  functions  POF  No.  1  and  POF  No.  2. 


Fi|  ire  82  Pot  Padding  Function  Generation  -  Central  Patch  Panel 
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Figure  84:  This  figure  shows  the  generation  of  some  of  the  fan  and  engine 
parameters  which  varied  nonlinearly  with  Rq  or  N. 

Figure  85:  This  figure  shows  the  generation  of  the  required  fan  parameters 
for  the  right  and  left  main  fans  and  the  nose  fan.  Also  shown  is  the  circuitry 
which  generates  the  nose  fan  and  main  fan  overspeed  warnings. 

The  generation  of  625  Rq  includes  limiters  to  keep  the  amplifiers  from 
overloading  after  conversion,  when  Rq  goes  to  1.0. 

Pots  P12  and  P13  are  used  to  shift  the  fan  power  by  a  constant,  to  bring 
the  gas  generator  output  up  to  date. 

Figure  86:  This  figure  shows  the  generation  of  louver  vector  and  stagger 
angles.  The  inputs  for  this  circuit  are  pots  located  on  the  louver  hardware 
of  the  simulation. 

Figure  87:  This  figure  shows  the  generation  of  the  squares  of  the  louver 
angles  and  the  angle  of  attack.  These  squares  are  required  in  the  second 
order  fits  to  some  of  the  aerodynamic  and  fan  coefficients. 
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Figure  84  Pot  Padding  Function  Generation  -  Central  Patch  Panel 
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Figure  86  Development  of0v  and  0a  -  Pace  F 


Figure  88:  This  figure  shows  the  generation  of  the  absolute  value  of  the 
louver  vector  angle  and  the  mixer  vector  angle,  which  differs  from  the 
louver  vector  angle  by  2.  5  degrees.  At  zero  mixer  vector,  =  -2.  5 
degrees.  The  aircraft  cockpit  vector  indicator  reads  mixer  vector. 

Figure  89:  This  figure  shows  the  summation  of  the  right  fan  normal  force, 
axial  force  and  pitching  moment  variations  due  to  louver  angle  and  Rq 
changes. 

Figure  90:  This  figure  shows  the  summation  of  the  left  fan  normal  force 
axial  force  and  pitching  moment  variations  due  to  louver  angle  and  Rq 
changes. 

Figure  91:  This  figure  shows  the  generation  of  the  normal  and  axial  force 
variations  for  right  and  left  fan  due  to  angle  of  attack  changes. 

Figure  92:  This  figure  shows  the  generation  of  angles  of  sideslip  and 
attack,  total  velocity  and  dynamic  pressure  from  the  aerodynamic  body 
axis  velocities. 
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Figure  88  Development  of  Required  Functions  of/Jv 
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Figure  90  Generation  of  Cn8»  Cms  and  C^8  For  Left  Fan 
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Figure  93:  This  figure  shows  the  generation  of  the  low  speed  (0  to  50  ft/sec) 
pitching  moment,  yawing  moment,  side  force,  and  rolling  moment. 

Figure  94:  This  figure  shows  the  generation  of  low  speed  (0  to  50  ft/sec) 
normal  force,  pitching  moment  from  the  nose  fan,  and  axial  force. 

Figure  95:  This  figure  shows  the  development  of  the  aerodynamic  control 
moments. 

Figure  96:  This  figure  shows  the  development  of  roll  and  yaw  aerodynamic 
damping  moments. 

Figure  97:  This  figure  shows  the  development  of  aerodynamic  damping 
forces  and  moments  in  normal  force,  side  force  and  pitching  moment. 

Figure  98:  This  figure  shows  the  development  of  tail  forces.  The  circuit 
also  resolves  these  forces  into  the  body  axis  coordinates. 
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Figure  98  Tail  Aerodynamics  -  Pace  F 


Figure  99;  This  figure  shows  the  development  of  the  lateral  forces  and 
moments  due  to  sideslip  as  well  as  the  pitching  moment  and  normal  force 
associated  with  the  large  angles  of  attack  encountered  near  hover. 


Some  other  assorted  circuitry  including  the  multiplier  drives  is  also  shown. 


Figure  100:  This  figure  shows  the  development  of  the  limited  sideslip  angle 
required  for  generation  of  the  sideslip  functions,  the  circuitry  developing 
thrust  in  the  CTOL  mode  as  modified  by  the  thrust  spoiler  angle  commanded 
by  the  pilot,  and  the  multiplier  drives  of  board  F. 


Figure  101:  This  figure  shows  the  generation  of  pitching  moment  variation 


with  angle  of  attack,  and  the  thrust  of  the  nose  fan  as  a  function  of  K 


v/hich  in  turn  is  a  function  of  6 
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Figure  99  Aerodynamics  -  Miscellaneous  Circuits  -  231R 
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Figure  100  Miscellaneous  Functions  -  Pace  F 


Figure  102:  This  figure  shows  the  circuitry  summing  the  components  of 
the  normal  force  and  performing  the  integration  required  to  obtain  the  body 
axis  ver  ical  velocity. 

This  body  axis  velocity  is  summed  with  a  gust  velocity  to  give  an  airstream 
velocity  for  use  in  the  generation  of  aerodynamic  forces  and  moments. 

Note  the  relay  between  pot  42  and  amplifier  2.  This  relay  opens  this  cir¬ 
cuit  when  the  doors  close  during  the  conversion  sequence,  which  event 
causes  the  disappearance  of  the  fan  effects  on  the  normal  force. 

Figure  103:  This  figure  shows  the  summation  of  the  force  components 
making  up  the  total  axial  force,  and  the  integration  of  the  resulting  accel¬ 
eration  to  obtain  the  body  axis  axial  velocity. 

This  body  velocity  is  summed  with  a  gust  velocity  to  obtain  a  total  axial 
airstream  velocity  for  use  in  the  generation  of  forces  and  moments. 

Note  relay  4  between  amplifiers  27  and  4.  This  relay  shuts  off  the  fan 
effects  on  the  axial  force  upon  the  closing  of  the  doors. 

Relay  5  she.!'  i  ■<  'v.een  pot  6  and  amplifier  4,  shuts  off  the  ram  drag  term 
due  to  the  no.*e  fan  upon  the  closing  of  the  main  fan  doors. 

Also  shown  in  this  figure  is  the  circuitry  which  resolves  the  steady  state  and 
gust  winds  into  the  aircraft  coordinates.  Refer  to  the  wind  appendix  (3) 
for  an  explanation  of  the  method  by  which  wind  effects  were  added  to  the 
simulation. 

Figure  104:  This  figure  shows  the  sumna  tion  of  the  moment  components 
making  up  the  total  pitching  moment. 

To  allow  c.  g.  shifts,  a  pitching  moment  equal  to  the  normal  force  multiplied 
by  the  c.  g.  shift  from  the  nominal  position  of  246  inches  is  added  to  the 
pitching  moment  summation. 
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Figure  103  X  Force  Summation  Plus  Wind  Resolution  Into  X  and 
Y  Components 
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Figure  104  Pitching  Mome 


Figure  105:  This  figure  shows  the  summation  of  the  force  components 
making  up  the  total  side  force  and  the  required  integration  to  obtain  the 
body  axis  side  velocity. 

The  side  velocity  so  obtained  is  added  to  a  gust  wind  velocity  (shown  re¬ 
solved  in  Figure  103 )  to  obtain  an  airstream  velocity  for  use  in  the  gener¬ 
ation  of  aerodynamic  forces  and  moments. 

Figure  106:  This  figure  shows  the  summation  of  components  making  up 
the  total  yawing  moment. 

The  resulting  acceleration  is  integrated  to  obtain  the  body  axis  yaw  rate. 

Figure  107:  This  figure  gives  the  summation  of  the  components  making 
up  the  total  rolling  moment. 

The  resulting  acceleration  with  the  appropriate  cross  coupling  terms  is 
integrated  to  obtain  the  rolling  velocity. 


Figure  105  Side  Force  Summation  -  Pace  E 
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Figure  106  Yawing  Moment  Summation  -  Pace  E 
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Figure  107  Rolling  Moment  Summation  -  Pace  E 
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Figure  108:  This  figure  shows  the  resolution  of  the  body  axis  rates  Into 
Euler  angle  rates  and  earth  rates  which  drive  the  display. 

Also  shown  are  the  following  items: 

•  The  scaling  of  the  earth  rates  for  the  two  transparencies  used  on  the 
display  (pots  59,  66  and  35). 

•  The  limiting  of  the  angular  and  x  and  y  drives  to  the  display. 

•  The  relays  triggering  the  cockpit  display  lights  which  tell  the  pilot 
he  Is  at  a  pitch  or  roll  display  limit  and  therefore  in  danger  of  losing 
the  true  angular  reference  of  his  aircraft  (relays  3  and  4). 

•  The  function  switch  allowing  a  to  be  used  as  an  initial  condition  for  $ , 
forcing  Y  to  be  zero,  for  accomplishing  trim  of  the  aircraft  (function 
switch  3). 

•  The  touchdown  switch  which  interrupts  any  downward  display  rates 
which  would  allow  the  aircraft  to  drive  itself  down  through  the  ground 
level  of  the  display. 

Figure  109:  This  figure  shows  the  display  and  aritficial  horizon  drives  as 
scaled  for  input  to  these  devices. 

Also  shown  are  the  following: 

•  The  scaling  of  the  computer  altitude  for  drive  of  the  altimeter. 

•  The  relay  controls  which  allow  the  display  to  reset  in  yaw  after  the 
computer  has  gone  to  reset  and  the  display  has  reset  its  altitude  to 
the  2-1/2  inch  level. 

•  Yaw  reset  is  held  off  until  the  2-1/2  inch  condition  has  been  met  so 
that  the  rotation  of  the  display  will  not  cause  the  display  projection 
lamp  to  come  into  contact  with  any  of  the  three  dimensional  objects 
attached  to  the  transparency. 


Figure  110:  This  figure  shows  the  simulation  of  the  gas  generator.  A 
single  gas  generator  was  used,  both  generators  being  assumed  to  be  locked 
together. 

Relay  (RY  1),  shown,  cuts  back  the  gas  generator  rpm  to  96%  (or  whatever 
is  called  for  on  pot  21)  when  opened  by  a  signal  from  the  fan  overspeed 
circuitry. 

Figure  111:  This  figure  shows  the  fan  overspeed  circuitry  (and  the  gas 
generator  cutback). 

Note  Relay  2,  which  turns  on  the  fan  overspeed  warning  display  on  the 
cockpit  panel  prior  to  gas  generator  cutback. 

Figure  112:  This  figure  shows  the  fan  door  closing  relays.  This  relay 
interrupts  the  circuits  delivering  fan  effects  to  the  force  and  moment  sum¬ 
mations. 

Figure  113:  This  figure  shows  the  scaling  of  the  body  axis  angular  rates 
for  delivery  to  the  SA  system  modulators. 

Bias  pots  were  included  in  each  circuit  to  zero  out  offsets  in  the  modula¬ 
tor  and  SA  system. 
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Figure  109  Display  and  Artificial  Horizon  Drives 
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Figure  110  Gas  Generator 
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Figure  111  Fan  Overspeed  Circuitry 
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Figure  112  Door  Closing  Relays  -  Pace  E 
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Figure  113  Modulator  Excitation  Signals  (Stability  Augmentation  System) 
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Figure  114:  This  figure  shows  the  circuits  delivering  the  artificial  horizon 
drives  to  the  arificial  horizon  and  the  signals  indicating  closing  or  opening 
of  the  diverter  and  fan  doors  to  the  diverter  and  door  relays. 

Figure  115:  This  figure  shows  the  development  of  the  cockpit  instrument 
displays  of  sideslip  angle,  attack  angle,  tail  Incidence,  and  thrust  spoiler 
position. 

Figure  116:  This  figure  shows  the  development  of  the  signals  required  for 
cockpit  indication  of  airspeed  and  rate  of  climb. 

Figure  117:  This  figure  shows  the  development  of  the  signals  monitoring 
the  stick  and  collective  positions. 

Figure  118:  This  figure  shows  the  circuits  which  scale  the  inputs  to  the 
computer  from  the  control  surface  pots  for  use  by  the  computer.  Bias 
pots  are  included  for  the  purposes  of  matching  computer  neutral  control 
positions  to  indicated  neutral  positions,  making  corrections  for  possible 
pot  slippage  and  for  temperature  variations  in  the  high  bay  (hardware)  area. 

Figure  119:  This  figure  shows  the  development  of  the  "stick  feel"  trans¬ 
ducer  excitation.  (See  Appendix  13) 

Figure  120:  This  figure  shows  the  circuitry  developing  the  wind  for  the 
simulation  and  the  trunking  of  the  total  body  axis  wind  velocities  through 
inverters  for  use  in  the  development  of  aerodynamic  forces  and  moments. 
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Figure  114  Artificial  Horizon  Drives,  Diverter  Valve  Simulation, 
And  Wing  Fan  Closure  Door  Simulation 
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Figure  117  Control  Deflection  Monitors 
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Figure  119  "Stick  Feel"  Transducer  Excitation 
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Figure  120  Wind  Generation  and  Wind  Circuit  Trunking 
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SIMULATION  HARDWARE  SUMMARY 


Figure  121  is  a  photograph  of  the  hydraulic  simulator  and  six-degree-of- 
freedom  fixed  base  display  used  for  pilot  evaluations. 

The  simulator  was  rigidly  constructed  to  provide  a  solid  mounting  for  the 
aircraft  hardware,  with  the  hardware  located  as  far  as  possible  in  the 
correct  relative  positions,  so  that  cable  runs  and  tubing  runs  were  identi¬ 
cal. 


There  were  two  major  deviations  from  this  goal.  They  were: 

1.  The  nose-fan  thrust  reverser  door  hardware  was  relocated  behind 
and  under  the  cockpit  so  as  to  keep  aircraft  hydraulic  components 
out  of  the  display  projection  screen  area. 

2.  The  hydraulic  pumps  and  associated  hardware  were  placed  cross¬ 
wise  and  under  the  simulator  frame  between  the  wing  and  the  tail. 
This  was  necessary  because  of  the  orientation  and  location  of  the 
varidrive  units  which  were  used  to  simulate  the  engines. 

The  location  of  these  two  items  can  be  seen  in  Figure  121. 

This  same  figure  shows  the  display  hardware  above  the  cockpit,  as  well 

as  the  curved  projection  screen. 


Figure  121  Hydraulic  Simulator 
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Figure  122  Simulator  Cockpit 

The  layout  of  the  simulator  cockpit  is  shown  in  Figure  122  above. 
Active  cockpit  instruments  included: 

1.  Instantaneous  Vertical  Speed  Indicator  (IVSI) 

2.  0-1000  ft.  Altimeter 

3.  Indicated  Airspeed,  Knots 

4.  Thrust  Spoiler  Position 

5.  Louver  Vector  Angle 

6.  Left  and  Right  Wing  Fan 

7.  Nose  Fan 

8.  Angle  of  Attack,  +20° 

9.  Sideslip  Angle,  +  20° 

10.  Horizontal  Tail  Position 

11.  Artificial  Horizon 

12.  Right  and  Left  Gas  Generator  RPM 


13.  Caution  Lights  and  Annunciator  Panel 

14.  Stability  Augmentation,  Primary- Standby  Indication 

15.  Power  Pilot  Lamps  and  System  Configuration  Lamps 

16.  Tail  Motion  Warning  Light  and  Audio  Tone 

In  addition,  two  lights  were  provided  to  notify  the  pilot  if  the  vehicle  at  any 
time  exceeded  the  roll  and  pitch  limitations  of  the  display. 

Active  cockpit  controls  included: 

1.  Roll  Stick  and  Pitch  Stick 

2.  Rudder  Pedals 

3.  Lift  Stick 

4.  Gas  Generator  Throttle  Control  (left  hand  only  -  in  this  simulation 
there  was  no  provision  for  independent  engine  throttle  control) 

5.  Roll,  Pitch  and  Yaw  VTOL  Trim 

6.  Horizontal  Tail  Trim 

7.  Flap  Actuator  Switch 

8.  Mode  Selector  Control 

9.  Fan  Overspeed  Power  Reset  Button 

10.  Pri-Standby  Electrical  Power  Control 

11.  Louver  vector  actuator  switch 

12.  Stability  Augmentation,  Primary- Standby  Indication 

13.  Thrust  Spoiler  Switch 

14.  All  Circuit  Breakers 

Control  variables  measured  and  fed  to  the  computer  were: 

1.  Elevator  Position 

2.  Horizontal  Tail  Position 

3.  Rudder  Position 

4.  Total  Aileron  Position 

5.  Nose  Fan  Thrust  Reverser  Door  Position 

6.  Throttle  Position 
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7.  Right  Wing  Louver  Vector  and  Stagger  Angles 

8.  Left  Wing  Louver  Vector  and  Stagger  Angles 

Output  variables  fed  to  the  visual  display  were: 

1.  Euler  Roll  and  Pitch  Angles 

2.  Euler  Yaw  Rate 

3.  Ground  x,  y  and  z  coordinates 

The  nose  fan  door  position  as  well  as  the  right  and  left  wing  louver  vari¬ 
ables  were  measured  by  means  of  rotary  potentiometers,  since  the  large 
angles  involved  caused  considerable  nonlinearity  using  the  original  linear 
potentiometers. 

In  addition,  a  mechanism  was  developed  to  enable  the  direct  measurement 
of  louver  vector  and  stagger  angles.  This  was  necessary  both  for  the  sake 
of  accuracy  and  also  to  release  computer  equipment  for  other  tasks. 

The  wing  louver  hardware  was  not  installed  on  the  simulator,  so  a  means 
of  introducing  the  effect  of  the  fan  louver  stagger  mechanical  stops  was 
required. 

This  same  hardware  with  slight  modification  was  used  to  enable  the  direct 
measurement  of  stagger  and  vector  angles. 

/?2  Is  defined  as  the  angle  aft  from  vertical  of  the  tangent  line  of  the  7th 
louver  (counting  from  forward). 

fil  is  defined  as  the  angle  aft  from  vertical  of  the  tangent  line  of  the  8th 
louver. 

fig,  the  stagger  angle,  is  defined  as  fi2  ~  fil* 

fil  + 

fiv,  the  vector  angle,  is  defined  as  - - — . 

Ld 

The  mechanism  for  stagger  and  vector  measurement,  then,  had  to  take 
the  sum  and  difference  of  the  even  and  odd  louver  motions. 

Figure  123  on  the  following  page  is  a  schematic  of  the  mechanism. 

Referring  to  Figure  123,  it  is  seen  that  the  two  pot  cases  ifiB  pot  and 
fiv  pot)  are  attached  to  Arm  1.  The  shaft  of  the  stagger  pot  is  attached  to 
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Arm  2,  and  the  shaft  of  the  vector  pot  is  attached  to  Arm  3.  Thus,  the 
stagger  pot  measures  the  difference  in  angle  between  Arm  1  and  Arm  2, 
while  the  vector  pot  measures  the  difference  in  angle  between  Arm  1  and 
Arm  3. 

If  the  fore  and  aft  louvers  both  move  in  an  increasing  direction  at  the  same 
rate,  Arms  1  and  2  move  together,  and  the  stagger  change  is  zero.  How¬ 
ever,  Arm  3  rotates  in  the  opposite  direction  of  Arm  2,  and  the  vector 
pot  output  will  change. 

Arm  3  is  driven  by  the  fa  rotation  reverser  mechanism,  which  results  in 
Arms  2  and  3  having  equal  and  opposite  motion. 
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Figure  123  Schematic  of  Mechanism  for  Stagger  and  Vector  Measurement 
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Figure  124  and  125  below  are  photographs  of  the  stagger  stops  and  vector 
measurement  system. 

The  forward  and  aft  links  are  designed  to  be  identical  in  dimension  to  the 
links  on  the  fan,  and  thus  the  louver  mechanism  geometry  is  reproduced. 


Figure  124  Stagger  Stops 


Figure  125  Vector  Measurement  System 
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The  calibrations  of  the  hardware  potentiometers  are  given  in  Figures  130 
through  135  of  Paragr^h  2. 8. 

Simulated  hinge  moment  gradients  were  required  to  develop  an  adequate 
representation  of  control  stick  and  pedal  forces  encountered  throughout 
the  flight  regime. 

The  principle  of  the  system  used  to  attain  these  effects  is  shown  in  the 
following  Figure  126. 


Figure  126  Control  Stick  and  Pedal  Force 

If  a  pressure  is  applied  across  the  load  cylinder  so  that  it  tends  to  retract, 
a  tension  will  result  between  the  cylinder  and  the  hinge  line.  If  a  control 
torque  is  applied  around  the  hinge  line,  the  control  will  deflect,  and  the 
tension  from  the  load  cylinder  will  develop  a  moment  around  the  control 
hinge  line  which  will  be  proportional  to  the  control  deflection,  at  least  for 
deflections  sufficiently  small. 

For  a  given  load  system  geometry,  the  hinge  moment  gradient  as  a  function 
of  dynamic  pressure  dictates  the  load  cylinder  differential  pressure  re¬ 
quired  as  a  function  of  dynamic  pressure.  At  low  Mach  numbers,  the  load 
cylinder  pressure  is  a  linear  function  of  dynamic  pressure. 

Figures  127  and  128  show  the  hardware  used  for  the  rudder  and  aileron 
load  systems.  Two  sets  of  load  cylinders  at  each  control  surface  are  in 
evidence.  One  set  (the  smaller  cylinders)  is  used  for  low-speed  flight, 
and  the  larger  set  is  used  for  high  speed  flight. 


193 


*> 


In  Figure  127,  the  rudder  cables 
and  quadrant  can  be  seen.  The 
rudder  quadrant  is  attached  to 
the  simulated  rudder  torque  tube, 
which  has  a  protractor  instal¬ 
led  on  the  other  end  to  measure 
rudder  deflection.  The  arm 
which  drives  the  rudder  position 
pot  is  seen  below  the  protractor. 

Figure  127  Rudder  Cables 
and  Quadrant 


Figure  128  is  a  photo  of  the  left 
wing  hardware  with  the  left  ail¬ 
eron  system  in  the  foreground. 
Since  the  aileron  system  is 
power-boosted,  the  load  reflec¬ 
ted  to  the  stick  is  Just  the  ail¬ 
eron  tab  hinge  moment.  This 
is  quite  small,  and  thus  the 
load  cylinder  has  a  small  area, 
as  is  seen  the  Figure. 

Figure  128  Left  Aileron  System 

The  next,  requirement  was  to  be  able  to  provide  a  controlled  hydraulic 
pressure  differential  across  the  load  cylinders  which  was  proportional  to 
dynamic  pressure. 

This  requirement  was  mechanized  by  using  a  manually-controlled  pressure 
regulator  valve  to  set  the  loud  cylinder  extending  pressure,  and  using  an 
electrically-controlled  pressure  regulator  valve  to  set  the  load  cylinder 
retracting  pressure. 

The  retracting  pressure  was  controlled  by  a  Denison  "Electroilic"  control 
valve.  This  valve  has  a  large  hysteresis  loop  which  made  open  loop  oper¬ 
ation  unfeasible. 

The  control  valve  nonlinearities  were  straightened  out  by  using  the  valve 
along  with  a  pressure  transducer  and  an  integrating  amplifier  in  a  closed 
loop  such  that  the  amplifier  output  adjusted  itself  to  make  the  commanded 
and  actual  pressures  equal. 
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A  schematic  of  this  system  is  shown  in  the  following  Figure  129. 
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Figure  129  Schematic  of  Airload  Simulation  System 

The  manual  control  valve  is  set  to  control  the  extending  pressure  at  any 
desired  level.  This  valve  is  necessary  because  the  pressure  output  of 
the  Denison  valve  is  not  zero  at  zero  current  input,  and  is,  in  fact,  around 
100  psi. 


The  back  pressure  was  set  so  that  the  pressure  commanded  at  zero  dynam¬ 
ic  pressure  was  around  125  psi. 

Since  the  load  cylinders  used  were  single-ended,  the  area  ratio  was  not 
unity,  and  this  had  to  be  taken  into  account  in  setting  up  the  system  for 
zero  force  at  zero  q,  or  dynamic  pressure. 

Also,  since  the  aileron  load  requirements  are  much  lower  than  those  for 
the  elevator  and  rudder,  a  different  load  cylinder  was  used  for  the  aileron 
system,  which  had  a  different  area  ratio  and  thus  required  a  separate 
pressure  control  loop.  The  same  manual  pressure  regulator  was  used  for 
both  return  systems. 

As  first  mechanized,  there  was  oscillation  in  the  load  system  return  line, 
but  his  problem  was  eliminated  by  the  use  of  an  accumulator  at  the  return 
outlet  of  each  Denison  valve. 

A  further  problem  arose  in  the  aileron  system,  because  the  load  cylinders 
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originally  chosen  had  considerable  friction  at  zero  differential  pressure, 
which  was  reflected  into  higher  roll  stick  breakout  force. 

Referring  to  Figure  128,  the  lower  aileron  load  cylinder  was  the  original 
unit,  which  was  to  be  used  for  both  low  and  high  speed  flight.  As  a  result 
of  the  friction  problems,  the  smaller  cylinder  shown  connected  was  in¬ 
stalled  (one  on  each  aileron)  and  the  added  system  friction  was  then  negli¬ 
gible. 

A  load  cylinder  is  required  on  each  aileron,  because  in  the  aileron  drooped 
condition  the  individual  aileron  displacement  is  nonlinear  with  pilot  input, 
even  though  the  total  aileron  is  nearly  a  linear  function  of  stick  position. 

The  gain  of  the  load-feedback  loop  is  set  by  varying  the  size  of  the  capac¬ 
itor  in  the  integration  amplifier.  The  capacitor  is  picked  so  that  the  sys¬ 
tem  is  stable  but  still  responds  rapidly  enough  to  follow  input  dynamic 
pressure  commands.  These  requirements  proved  to  be  feasible  in  this 
system. 
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2.8  SIMULATION  HARDWARD  CALIBRATION 


The  aircraft  simulation  described  in  this  report  in  actuality  consisted  of 
two  main  segments.  The  first  segment  involved  a  mostly  ’’analytical" 
simulation,  where  the  actual  servo  actuators  were  not  yet  available,  which 
made  it  necessary  to  approximate  their  estimated  characteristics.  This 
portion  of  the  simulation  utilized  the  cockpit  control  positions  for  aileron, 
elevator  and  rudder  positions. 

The  mechanical  louver  (main)  mixer  and  the  pitch  mixer  were  completed 
for  these  tests,  and  their  respective  outputs  were  used  to  derive  louver 
vector,  louver  stagger  and  nose  fan  thrust  reverser  door  position.  The 
main  mixer  has  as  its  output  push-pull  rods  which  position  the  four  louver 
actuators  in  response  to  vectoring,  roll,  yaw,  and  collective  lift  inputs, 
as  well  as  an  output  to  the  pitch  mixer  which  programs  the  nose  fan  thrust 
reverser  gain  and  center  position  with  longitudinal  control  as  a  function  of 
collective  vector  command. 

The  main  mixer  push-pull  rods  were  instrumented  with  potentiometers 
which  enabled  the  four  louver  command  positions  to  be  measured, 
which  in  turn  enabled  the  computation  of  vector  and  stagger  angles  for  both 
main  fans. 

This  data  was  then  applied  to  the  airframe  through  first-order  lags  repre¬ 
senting  the  approximate  servo  transfer  functions.  The  complete  flight 
regime  of  the  vehicle  was  investigated  using  this  mechanization  of  the 
hardware,  and  it  was  intended  that  when  the  hydraulic  simulator  was  put 
into  full  operation  the  final  phase  of  the  simulation  would  be  a  check  on  the 
previous  work  in  preparation  for  complete  pilot  evaluation  of  vehicle  hand¬ 
ling  qualities  for  normal  and  emergency  operations. 

The  simulation  progressed  according  to  this  plan,  and  the  hardware  cali¬ 
bration  data  is  presented  in  Figures  130  through  135  following. 

The  inclusion  of  the  actual  vehicle  hardware  presented  no  problems,  and 
the  previous  systems  development  work  was  validated. 
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Figure  131  Horizontal  Tail  and  Elevator  Calibration 
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Figure  132  Rudder  Calibration 


Figure  133  Right  Wing  Vector/ Stagger  Calibration 
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Figure  135  Nose  Fan  Reverser  Door  Calibration 
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2.9  SIMULATION  CHECKOUT 


In  a  large  simulation  such  as  this,  it  is  essential  that  sufficient  verifica¬ 
tion  be  performed  so  that  all  persons  involved  develop  confidence  that  the 
conclusions  drawn  from  the  simulation  are  valid.  The  steps  followed  in 
checking  out  this  simulation  after  it  was  designed  and  wired  were  as 
follows: 

1.  A  complete  check  of  computer-generated  functions  by  comparison 
with  the  original  data. 

2.  A  complete  static  check,  where  all  variables  are  assigned  values. 
The  output  of  each  amplifier  is  computed,  and  the  actual  output  is 
compared.  The  accuracy  of  the  individual  contributions  to  the 
forces  and  moments  are  thus  directly  measurable,  as  well  as  the 
accuracy  of  their  sums.  In  the  case  of  this  simulation,  where 
two  sets  of  aerodynamic  data  were  being  generated,  it  was  neces¬ 
sary  to  choose  the  static  check  parameters  in  the  region  where 
the  data  phasing  was  taking  place.  If  this  had  not  been  done,  two 
separate  static  checks  would  have  been  required. 

3.  After  the  static  check  procedure,  a  considerable  number  of 
longitudinal  trim  points  were  determined,  over  the  whole  range  of 
fan-powered  flight  speeds,  as  well  as  for  low-speed  conventional 
flight.  These  trim  points  were  compared  to  data  derived  by  inde¬ 
pendent  calculations  of  another  group.  As  part  of  this  effort,  the 
fan  speed  changes  resulting  from  vector  and  stagger  were  com¬ 
pared  to  hand-calculation  data.  Several  detailed  calculations  were 
made  at  various  trim  points  to  verify  results  which  were  ques¬ 
tioned,  and  in  this  manner  further  confidence  was  gained  in  the 
validity  of  the  simulation. 

4.  Once  the  static  validity  of  the  simulation  was  demonstrated,  four 
dynamic  check  conditions  were  set  up.  These  consisted  of  un¬ 
coupled  three-degree-of -freedom  cases  for  a  near-hover  condi¬ 
tion  and  a  moderate  transition  speed  condition,  such  that  one  set 
of  two  cases  used  the  high  speed  fan-powered  aerodynamics,  and 
the  other  set  used  the  low  speed  fan-powered  aerodynamics. 

Very  good  agreement  was  finally  obtained  between  the  analog  re¬ 
sponses  and  an  independent  digital  computer  time  history  for  the 
same  cases. 
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Initial  difficulty  was  experienced  in  the  digital  computer  hovering  time 
histories ,  which  used  the  aerodynamic  force  and  moment  equations 
originally  presented  to  the  Systems  Analysis  Group.  It  was  felt  that  the 
digital  time  history  should  use  the  equations  as  originally  presented  so 
as  to  provide  a  check  on  the  validity  of  the  approximations  used  in  the 
development  of  the  low  speed  forces  and  moments.  As  it  turned  out,  the 
digital  solution  at  hover  in  no  way  compared  to  the  analog  solution.  This 
was  found  to  be  caused  by  the  fact  that  as  soon  as  a  small  side  velocity 
occurred,  Tc£  was  slightly  less  than  1.  0,  and  the  change  of  Cjj8  with 
angle  of  attack  was  no  longer  equal  to  zero.  Since  angle  of  attack  is 
defined  as 


Of 


it  can  be  seen  that  if  u  is  zero,  a  is  either  undefined,  +90°  or  -90°  . 


We  thus  have  a  case  where  angle  of  attack  switches  rapidly  from  +  to 
-  90°,  and  the  small  moment  resulting  in  the  roll  axis  is  enough  to  com¬ 
pletely  stabilize  the  vehicle  so  that  no  side  velocity  can  build  up. 

The  digital  program  was  then  modified  to  use  the  low  speed  momentum 
terms,  and  the  two  solutions  then  agreed  closely. 

The  low-speed  vehicle  dynamics  thus  obtained  agree  well  with  the 
Langley  free-flying  scale  model  data. 

After  all  of  these  checks  were  performed,  pilot  checks  were  flown  to 
compare  the  simulation  with  the  previous  pilot  evaluated  simulations. 

At  this  time  the  simulator  was  declared  operational. 

Since  the  complete  static  check  required  from  4  to  6  hours  to  complete, 
a  "short  form"  static  check  was  developed  which  required  only  about  10 
minutes  to  complete  each  morning,  unless  there  was  an  equipment 
malfunction. 

The  short  check  was  accomplished  at  both  ends  of  the  fan-powered  flight 
spectrum,  i.e. ,  hovering  and  Pv  =  maximum. 

The  check  consisted  of  determining  the  trim  velocity  attainable  at  100 
per  cent  power,  maximum  collective  setting,  c.g.  =  243  and  it  =  +20°, 
using  the  two  vector  settings.  A  switch  was  provided  to  make  6=a,  or 
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y  =0  for  these  checks.  Readouts  included  (iy,  Ng,  <5e,  N^p,  V<p,  a.  In 
addition,  the  values  of  stagger  and  vector  for  both  wing  fans  were 
checked  at  Pv  =  0  with  max.  and  min.  collective  settings.  The  nose  fan 
door  travel  was  also  checked  at  zero  (iw  and  max.  forward  and  aft  stick. 

Any  significant  malfunction  thus  became  apparent  as  a  loss  in  speed  or  a 
large  change  in  one  of  the  readouts.  This  check  gave  reasonable  assur¬ 
ance  in  a  short  time  that  the  simulation  was  functioning. 

About  every  1-1/2  weeks  oi  operating  time,  the  major  static  check  was 
performed. 

2.9.1  Simulation  Checkout  Detail 

To  check  the  simulation  for  error,  several  methods  were  employed. 
These  methods  are: 

Static  Check 


To  check  the  simulation  statically,  the  following  initial  conditions  were 


chosen: 
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The  fan  parameters  corresponding  to  these  choices  of  initial  conditions 
are  as  follows: 
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The  outputs  of  all  amplifiers,  diode  function  generators,  and  electronic 
multipliers  were  computed  using  these  initial  conditions. 

The  initial  conditions  were  set  up  on  the  simulator  and  the  computed 
values  of  outputs  of  the  above  components  were  checked  against  the 
simulator  values.  All  critical  functions  read  within  5%  of  the  computed 
values.  No  component  was  more  than  10%  in  error. 
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Dynamic  Check 


As  a  check  on  the  dynamic  characteristics  of  the  simulation,  a  digital 
dynamic  program  was  written  and  longitudinal  and  lateral  time  responses 
starting  from  the  same  initial  conditions  were  run  on  both  digital  and 
analog  simulations.  The  results  from  both  sources  in  hover  and  in  low 
speed  flight  matched  closely,  being  different  by  no  more  than  10%  in 
either  frequency  or  time  to  double  amplitude. 

As  a  further  check,  filmed  results  from  the  wind  tunnel  test  of  the  NASA 
.  18  scale  free  flight  model  made  in  the  30'  x  60*  wind  tunnel  at  NASA- 
Langley,  showing  the  aircraft  doing  a  stick  fixed  divergence  in  fan  mode 
forward  flight,  were  compared  to  results  of  a  similar  test  run  on  the 
analog  simulation.  The  comparison  of  these  tests  also  showed  no  more 
than  a  10%  difference  in  either  frequency  or  time  to  double  amplitude. 

Control  Power  Checks 

To  check  the  control  portion  of  the  simulation,  both  aerodynamic  and 
fan  control,  control  powers  for  1/2  and  full  stick  inputs  at  hover  and  at 
a  forward  speed  condition  were  checked  against  predicted  values.  All 
control  power  values  were  good  to  10%  or  better. 

Trim  Checks 

As  a  final  check  on  the  over-all  accuracy  of  the  simulation,  trimmed 
flight  conditions  were  run  for  a  range  of  speeds  from  hover  to  the  highest 
fan  mode  flight  speeds  for  the  2, 500  ft.  altitude,  93.  7°F  day.  A  plot  of 
these  conditions  is  shown  in  Figure  136.  This  plot  agrees  closely  with 
predictions  made  by  the  Aerodynamics  Group. 

Maximum  lift  over  the  entire  range  of  forward  flight  speeds  attainable 
by  the  computer  was  also  determined.  These  figures  agreed  with  values 
predicted  by  the  aerodynamics  group  to  an  accuracy  of  5%  or  better. 
Trimmed  drag  figures  taken  over  the  same  range  of  speeds  agreed  with 
predictions  to  within  5%  also. 

Stability  Augmentation  System  Checks 

To  check  out  the  stability  augmentation  system,  roll,  pitch  and  yaw  rate 
signals  were  fed  into  the  appropriate  SA  channel  and  sensitivity  and 
authority  limitations  for  each  channel  were  checked. 


Root  locus  plots  were  made  for  the  aircraft  in  hovering  flight  and  maxi¬ 
mum  gains  for  stability  determined  from  these  plots  were  compared  to 
values  determined  on  the  simulation.  The  results  for  these  tests  in  pitch 
and  roll  are  shown  in  the  root  locus  sections  of  this  report.  Close 
agreement  was  obtained  between  these  results. 

"Feel"  System  Checks 


To  check  the  feel  system,  the  stick  and  rudder  force  gradients  in  hover 
and  at  a  forward  speed  were  measured  in  the  cockpit.  These  checks 
completed  the  initial  checkout  of  the  simulator. 

Daily  Check 

In  order  to  make  certain  that  computer  failures  did  not  compromise  the 
results  of  the  systems  study  made  on  the  completed  simulation,  a  quick 
check  was  made  of  the  simulation  each  morning,  and  if  this  check  was 
not  satisfactory,  the  simulation  was  completely  static  checked. 

This  morning  check  consisted  of  two  trimmed  condition  checks,  one  at 
0°  vector  and  one  at  47.  5°  vector.  Also  checked  was  the  nose  fan  door 
travel  for  full  pitch  stick  inputs  at  hover. 

Variations  in  the  checked  parameters  at  each  of  the  trim  conditions  did 
not  exceed  3%  over  the  length  of  the  simulator  study. 

Parameters  checked  at  each  of  the  trim  conditions  were: 
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Figure  136  Trim  Condition  Check 
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2. 10  SIMULATOR  CHANGES  PRIOR  TO  STUDY  PROGRAM 


After  checkout  of  the  simulator,  but  prior  to  commencement  of  the  planned 
simulator  study  program,  several  changes  were  made  in  the  simulation. 

One  change,  made  on  the  basis  of  updated  information  provided  by  General 
Electric,  was  to  increase  the  fan  power  available  at  various  turbojet  rpms. 

The  increases  are  shown  in  Figure  137  and  Figure  138,  and  are  approxi¬ 
mated  closely  by  adding  a  constant  increment  of  fan  power  to  each  of  the 
old  curves. 

A  constant  voltage  corresponding  to  this  change  is  added  to  the  generated 
fan  powers  by  pots  P12  and  P13,  shown  in  Figure  85  of  Paragraph  2.  6. 

A  second  change  was  made  to  solve  a  problem  that  showed  itself  in  the 
initial  familiarization  flights  of  the  simulator  made  by  the  pilots  prior  to 
the  study  program. 

More  effective  nose  fan  thrust  reverser  doors  were  required  if  sufficient 
pitching  moment  were  to  be  developed  thru  the  critical  transition  region 
at  the  c.  g.  positions  acceptable  for  conventional  flight.  See  Reference  17. 

To  solve  this  problem,  General  Electric  was  consulted  and  a  new  thrust 
reverser  effectiveness  curve  was  determined. 

Shown  in  Figure  139  is  the  new  thrust  reverser  effectiveness  which  curve 
was  generated  on  diode  function  generator  F61. 

All  further  changes  to  the  simulator  were  made  on  the  basis  of  the  studies 
shown  in  Volume  II.  These  changes  are  summarized  in  Paragraph  3.  8. 


213 


Figure  137  Pitch  Fan  Power  Curve 


